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VERBAL REALIZATION IN APHASIA' 


BY 


T. ALAJOUANINE 
(Paris) 


THE subject which I am going to discuss concerns verbal expression 
in aphasia and, more especially, oral expression. In other words, I am 
going to limit myself to that phase of language which concerns the trans- 
mutation of intellectual, or psycho-emotional processes into those sounds 
which constitute speech, that is to say, to what would have been called 
formerly the motor side of language. Of course, we know that the emission 
of sounds that constitute speech is always completely dependent on the 
mental conditions which initiated them: when we use the term verbal 
expression, it includes verbal stimulation. 

The disorders of verbal expression in aphasia appear in many different 
aspects, the analytical study of which, alone, would require long explana- 
tion. How wide is the difference between patients who can use only a few 
elementary sounds which they repeat again and again at each attempt at 
speech, and those, in contrast, who have a rich oral expression, a volubility, 
the content of which is so foreign to us that we call their language a jargon. 
Between this extreme poverty of expression and this rich fluidity of speech 
without practical meaning, how many variations manifesting themselves 
in a wide diversity of verbal expression there are in aphasia! And yet by 
attentive study of these patients, one can see that each of these individual 
cases is closely related to the other. One discerns in them two principal 
poles of aphasic disorder: one, the disturbance of the power to produce 
words; the other, the disturbance of syntactic structure, and of the semantic 
value of words. 

The clinical material of the present study consists in 317 consecutive 
cases observed from 1950 to 1954. These cases have been followed at 
least for several months, and many for years, with periodical examination 
conducted along the same standardized methods: neurogical examination; 


1The 19th Hughlings Jackson Lecture, 1954, delivered at the Neurological Institute 
of McGill University, Montreal. 
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Anarthria Broca's Wernicke’s Residual Visual or 
aphasia auditive imperception 


Distribution of 303 patients with 
disorders of speech 
disorders of visual or auditive perceptions 


purely articulatory defects 
Beside aphasic disorders this figure includes alterations of both 
receptive and expressive poles of speech 
Fic. 1, 


condition of speech; psychological examination with verbal tests and 
general intelligence tests (figs. 1, 2 and 3). 


I must also make clear that my terminology is the one used by Pierre 
Marie and his pupils, which does not reflect any pathogenic considerations: 

Wernicke’s aphasia—formerly sensory aphasia; 

Broca’s aphasia—formerly motor aphasia; 

Anarthria; 

Agnosia (auditory or visual). 
I must add that in the linguistic approach of verbal expression, I use the 
words: “phonemes”—sounds, and “morphemes” and “semantemes”’ as 
described by the great linguist, F. de Saussure, to differentiate the morpho- 
logical structure (phonetic) and the meaning of vocables. This study 
being primarily a functional one, I have purposely neglected the location 


and the etiology of the causative lesions, which are chiefly vascular. 


shall limit myself to considering: 





Among the multiple aspects of the disorders of verbal expression, I 
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BROCA’S APHASIA AND ANARTHRIA 
138 cases 


Patients are classified according to the principal disorder. When 
they successively showed several of these symptoms, we retained the 
most characteristic and durable 


Suppression 


Anarthria 


Stereotypy 


Automatic speech 


Agrammatism 


Broca’s paraphasia 


Broca’s without 
agrammatism 
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(1) Stereotyped verbal expression, especially the permanent one which 
I shall call verbal stereotypy. 

(2) Agrammatism, which I consider, as I shall define it later, closely 
allied to the former. 

(3) Phonetic disorders (pure anarthria or associated with aphasic 
disorders). 

(4) Jargon aphasia. 

The fixity, the lasting quality, and the homogeneous symptomatology 
of these four important varieties of disturbance of verbal expression, make 
it possible to form a definite idea of their character and to follow their 
evolution; I shall try also to identify the elements of the neurological distur- 
bance which causes them. 
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WERNICKE’S APHASIA 
Jargon and Paraphasia 
frequency 
(115 cases) 


Important disturbance of 
auditory perception with 
verbal predominancy 


Important disturbance of 
visual perception 


N fs 
S 


WZZM 
Jargon Paraphasia Wernicke without jargon 
or paraphasia 
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PERMANENT VERBAL STEREOTYPIES 

Aside from a total suspension of speech, which is ordinarily only a 
transitory phenomenon, the verbal stereotypy is the most restricted aspect 
of verbal expression. Broca has given the first observation with his patient 
retaining only the stereotyped expression ““Tan-Tan.” But Jackson was 
the first who described its chief aspects; he called them first “‘stock 
utterances” and later preferred the term “recurring utterances’: he gave 
four types of them: a fragment of meaningless jargon; a single word; 
a phrase; “yes” or “‘no”’ or both these words. 

It is not necessary to recall the admirable analysis he has given of the 
way “yes” or “no” can be used on a propositional sense, or simply as a 
type of emotional interjection; for this is the key to his famous conception 
of the two uses of speech, and their dissociation in aphasia. 
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I propose without neglecting the important contribution of Jackson, 
to consider the verbal stereotypies according to: (1) their linguistic 
constitution; (2) their characteristics as utterances; (3) their association 
with other disorders of aphasia; and especially (4) their evolution. 
This study will also attempt to demonstrate their physiopathological and 
prognostic values. 

I shall consider first the permanent verbal stereotypies, that is to say, 
those established from the beginning of the aphasia, and persisting for 
several months without apparent modification of their structure. 

In the first type of permanent verbal stereotypy the utterance expresses 
no meaning; it consists either of one syllable, always the same, but 
repeated several times (iterative stereotypy) or of several syllables always 
connected in the same way and producing a vocable or a word unknown 
in any language (jargonized stereotypy). The “‘Tan-Tan” of the first 
Broca’s patient, or the “‘Titi-Titi” of one of our cases are examples of 
iterative stereotypy; the words ““Monomentif” or Cousisi-Cousisi” of the 
classical cases of Trousseau, end the sequence “Me me commiti my, 
pittimy, lor, veah” of the well-known case of Jackson, are examples 
of jargonized stereotypy. 

The essential fact in the above is the absence of linguistic meaning. 
The sounds to which the speech is reduced are phonemes or better only 
morphemes entirely devoid of sense: or else the sense can only be 
guessed at, as in the case of the expression “‘pittimy” cited by Jackson. 

All this represents a very severe disintegration of speech, which destroys 
any language (French or English, for instance), and falls into a fixed and 
unvarying pattern, strangely restricted to one or a few utterances, the 
almost constant iterative character of which must be emphasized. This 
phenomenon is very far from being understood. 

In the second type of permanent verbal stereotypy, the utterance has 
linguistic meaning, sometimes expressed in an isolated word; for example, 
one of my patients continually repeated only the word “‘volontiers = 
willingly,” another “dire, dire = tell, tell’? in which one finds again the 
iterative character emphasized before. This isolated word may be a 
curse or a coarse interjection. The great French poet, Beaudelaire, the 
first translator of Edgar Allan Poe into French, retained only the word 
“cré nom,” probably part of “‘sacré nom de Dieu.” 

Or, sometimes, the word “‘yes” or “‘no,”’ the use of which Jackson has 
so well described, said in a purely automatic way and with no propositional 
value, is a stereotypy. However, such an expression loses its character as 
soon as the patient is able to use it in a correct manner adapted to the 
circumstance. This is the simplest and most definite example of the 
evolution of a stereotypy, as indicated first by Jackson. 

Sometimes, again, it may take the form of a single sentence, generally 
a short one, presenting some grammatical construction, but not a perfect 
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one, thus giving a first indication of agrammatism. For example, one of 
our patients said constantly: “‘Ai bien dit = have well told’ which she 
always repeated ; another always said: “faut écrire = must write,” another 
in a curious way associated an affirmation and a negative expression: 
“je suis belle, je ne suis pas belle = I am pretty, I am not pretty.” A man 
of letters whose case I described in my Harveian lecture on “Artistic 
realization in aphasia,” published in BRAIN some years ago, could say 
only in a pathetic way: “Bonsoir, les choses d’ici-bas = Farewell, things 
of this world.” 

In the analysis of the other characteristics of permanent verbal stereotypy 
beside their structure and their linguistic aspect, upon which our classi- 
fication is based (stereotypy with or without linguistic meaning), one 
notices first the completely involuntary utterance: verbal stereotypy shows 
up at every attempt at speech; this forced repetition is observed more 
frequently when the utterance is short. This utterance is rapid, almost 
explosive, in the manner of an interjection, and without any phonetic 
disorder. This mode of expression, as its name indicates, is always 
identical. The patient cannot free himself from this set form, within 
which he is forced to remain in any attempt at expression. At other times 
it is impossible to make him repeat the single or the few stereotyped 
vocables, or to make him write them. 

Another aspect, not less important, is the patient’s unconsciousness of 
the disorder constituted by his stereotyped verbal expression, in complete 
contrast to his full awareness of his defect of language; here is an extra- 
ordinary association of what one might call according to the Jacksonian 
terminology a positive disturbance, that is to say, an unconscious stereo- 
typed utterance, and a negative one, the unawareness of his deficiency in 
speech. Hence the patients who go through varied gesticulations and 
suggestive mimic, and try to express themselves by gesture in order to 
show their lack of ability to express themselves in language, utter, without 
knowing it; at the same time they utilize a set form of expression devoid 
of sense, which they can neither interpret voluntarily, nor write, and which 
they do not recognize when they hear it, or when one has read it to them. 
They are no more conscious of their pattern of speech than are normal 
subjects who repeatedly interject some ready-made expressions annoying 
to their audience, but without noticing it themselves. 

These intrinsic qualities of stereotypies suffice to define them in an exact 
way, and one can thus summarize them as a permanent stereotyped verbal 
expression with or without linguistic meaning, unconsciously and involuntarily 
uttered (a fact which will later require a comparison with the liberation of 
certain psychomotor activities). 


THE EVOLUTION AND REGRESSION OF VERBAL STEREOTYPIES 
It will be sufficient now to mention rapidly the phenomena associated 
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with this special disturbance of speech. Fig. 4 is a résumé of 22 cases 
observed over a long period of time. In one-half (11 cases) the language 
disorder remained unchanged, and, having been so for several years, seems 
to be fixed. In the other half (11 cases) there was some degree of regression, 
the stages of which we shall discuss later on. 


It will be noted that the naming of things and repetition of spoken words 
on request are impossible in such a condition; furthermore, the patient’s 
writing is always poor; and his understanding is always disturbed, for 
verbal as well as for written orders (the only way of appreciating reading 
ability). In our material, a severe hemiplegia was invariably present in this 
condition as well as bucco-linguo-facial motor disorders of apraxic type: 
indeed, a general apraxia is frequently found. In brief, here we are con- 
cerned with the very seriously affected patients of the Broca’s aphasia type. 
In them, however, there are to be observed certain peculiarities which are 
interesting in relation to the study of the evolution of stereotypies which 
remains to be considered. 

This study of the speech behaviour of the aphasic patient over a period 
of time seems very important, yet it has not been given very much attention 
till now, as if it were thought of only as an insignificant spar remaining 
from the shipwreck of speech. Jackson, however, was the first to emphasize 
the importance of the transformation of the words “‘yes”’ or “no,” uttered 
at first as interjections, into words used in a propositional manner. This 
point is of the greatest interest, for this transformation is, to my mind, 
one of the keys to their interpretation (Tables I and II). 

The evolution of the permanent verbal stereotypies which, as we have 
explained by our statistics, shows regression in half the cases, must be 
closely studied. Even when the condition remains permanent, it is far 
from remaining unchanged. Whereas, in the beginning there is the usual 
stereotypy, in these cases, an interjection may be uttered; generally an oath 
or a coarse word and usually in an outburst of anger. This was the case 
with Broca’s patient, who sometimes replaced his perpetual ““Tan-Tan” 


TABLE I.—FOLLOW-UP OF VERBAL STEREOTYPY 


(1) General Follow-up 


Total number Definitive Regressive 
stereotypy stereotypy 
30 11 19 

(2) Duration of the Stereotypy Before Improvement 
Transient Long-standing 

Stereotypy Stereotypy 

Total number (less than one (from one 
month) month to two 

years) 


19 6 13 
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TABLE IJ.—RELATIONS BETWEEN TYPE OF STEREOTYPY AND MOobDE OF EVOLUTION 


Agram- 
No. Wernicke’s Broca’s matism Anarthria 
Long-standing _ stereo- 
typy without linguis- 
tic value 5 — 1 4 —- 
Transient stereotypy 
without linguistic 
value 0 -— _- -- — 
Long-standing _ stereo- 
typy with linguistic 
value 8 — 4 4 a 
Transient stereotypy 
with linguistic value 6 5 — — l 


with a curse, always the same one. Another modification of the permanent 
stereotypy consists in a change in the manner of utterance, and of the 
intonation according to circumstances, the intonation varying according 
to what the subject tries to express, thus giving the stereotypy a variable 
emotional complement, which is of great importance. 

But, what is more important is that after months of such relative fixity 
of verbal expression (and as a matter of fact in one of our patients after 
two years) one may see the disappearance of the stereotypy. How does 
it happen? In what way is the “mechanical barrel organ” (to employ the 
suggestive term given by Gairdner and adopted by Jackson) replaced by a 
more complex instrument? This change is usually not without transition, 
and these evolutionary processes reveal facts of the greatest interest. It is 
possible, according to our observations made with Pedro de Castro, of 
Madrid, to distinguish, in this progressive liberation of verbal expression 
from the rigid and obligatory cast, several stages, which we shall study in 
a systematic way, but which do not always follow such a schematic order 
in each subject. 

The change takes place in an orderly succession of four stages: 

(a) A stage of differentiated organization of the stereotyped verbal 
emissions where the manner of utterance and the intonation are first 
modified. 

(b) A stage of checking the involuntary utterance, which is at first 
partial and imperfect. 

(c) A stage of fluctuating utterance in which there appears beside or 
in place of the residual stereotyped expression, either another stereotyped 
utterance, generally less fixed and less lasting, or some other expression, 
either in the form of a ready-made phrase, or even a highly volitional 
utterance. 

(d) Finally, a stage in which the stereotypy is definitely checked and no 
longer occurs even occasionally. Then there is a volitional speech, which 
presents characteristics the opposite in every respect to the stereotypy, and 








10 T. ALAJOUANINE 


of which one of the special aspects is agrammatism, which we shall study 
later on. 

Of the different stages of regression of the verbal stereotypy we have 
observed definite examples, the analysis and the comparison of which 
furnishes an important physio-pathological explanation for the under- 
standing of this type of speech of the dissolution of the activity of speech. 

(1) The stage which I call the differentiated organization of the permanent 
verbal stereotypy may announce itself rather early, and remain for a fairly 
long time, the process of differentiation becoming richer little by little. The 
identical nature of the content continues as before, and it is only in the 
manner of utterance and intonation that the differentiation takes place. 
This change permits the patient to express with his vocable, uniform and 
unchanged, a whole scale of meanings coloured by variations of emotion. 
What the subject, reduced to such poverty of expression, tried before to 
express by his gestures, or gesticulation, he now tries to render by the 
modification of his utterance and by the intonation of his stereotyped word 
or phrase. One of the best examples I have observed of this differentiated 
organization of a verbal stereotypy is that of a patient who did not say 
and could not say anything but: “‘Ai bien dit = have well told” which was 
uttered in iterative fashion. We saw this patient, while retaining her eternal 
stereotyped words, modify the utterance of the expression both as to 
speed and intonation. At one moment it was monotonous, although rapid, 
and then became faster or slower according to the circumstances and 
changed in intonation, which became sometimes sad, sometimes even 
tearful, sometimes on the contrary, satisfied or approving. This was true 
to such a point that each expression, though still identical in phonetic 
content, was enlivened by the addition of emotional expression—a fact 
which has much significance. It was astonishing to see this patient with 
such meagre verbal means succeed in furnishing a quantity of information 
which, though certainly not explicit, was nevertheless sufficiently suggestive 
so that one should not misunderstand the general meaning it implied. 
“The melody of speech” to use Brissaud’s expression, had come to 
superimpose itself upon the stereotyped utterance. 

(2) The second stage of the evolution towards improvement of the stere- 
otypy is characterized by the fact that the patient tries to check, then 
succeeds in checking, his involuntary utterance, announcing thus the 
first signs of the breaking-down of the stereotyped condition. It is very 
curious to see the patient set in motion as usual his pattern of verbal 
behaviour, and, then, sometimes, suddenly try to slow his utterance 
(ordinarily rapid and even explosive, as we have marked) to the point of 
lowering a part of it and even of rendering the end of the utterance inaud- 
ible; or again, on the contrary, to see him hasten the utterance of it in an 
apparently volitional way, as if he wished to get rid of it, finally succeeding 
in stopping it, when it is no longer more than a suggestion of itself, in 


anes 
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the way a person may cut short at the beginning a statement which 
suddenly seems incongruous to him. There is undoubtedly at this point 
in the evolution of the stereotypy the reassertion of the consciousness of 
an abnormality by the patient and a somewhat successful attempt on his 
part to block or check it by the will. This is the first evidence of the 
appearance of a volitional phenomenon in the oral expression of such 
patients. It is difficult to say whether it is the reappearance of the patient’s 
consciousness of the disorder which permits the action of the will, or 
whether inversely, the volitional activity causes the consciousness of the 
disorder, as we believe. 

(3) Then there comes a stage which we describe as fluctuating because 
there occur in it verbal expressions very different in nature, and which, 
varying from one situation to another, come to accompany the original 
or initial stereotyped expression, the persistence of which is only occasional, 
and less and less frequent. There may then occur a transfer: a new 
stereotypy replaces the former one; this new stereotypy contains the same 
characteristics and is different, therefore, only as to its content and its 
shorter duration. It marks nevertheless a new step in the evolutionary 
regression of the stereotypy; the case of one of our patients may be cited 
as an example of this stage: one day on hearing the telephone ring at 
home, he exclaimed: “Telephone; telephone,” and from that day he 
substituted this word, telephone, for this former stereotyped word. It 
was as if a new pattern had been established that day, inhibiting the use 
of the former one. Another whose stereotypy was a curse word, and who 
was often asked by his wife to say “pardon” did not succeed in so apologiz- 
ing, but changed one day a part of his stereotyped rude word and mixed 
it with the word “‘pardon,” so as to say only “mardon,” at every attempt 
at speech. A certain number of our patients have thus changed their 
stereotyped expression once or even several times. This type of change 
usually indicated a more favourable outcome. 

With others, after a more or less continual blocking, there appeared 
intercalated stock phrases, particularly formal expressions of politeness, 
their appearance testifying to the fragility of stereotyped organization, 
which because of the fact is less permanent. One of our patients stopped 
his leitmotiv to say: “After you, sir,” or “Oh, pardon me,” according to 
the circumstances. There is here, then, the appearance of the language 
Jackson described as “‘ready-made speech” which testifies to the fa:t of 
substitution for the stereotypy of another speech, still inferior, of an 
automatic sort, but which is no longer uniform, stereotyped like the first 
and indicates an adaptation to the circumstances. 

Finally, there appear in an episodic fashion, volitional expressions, 
propositions, in the sense Jackson has given to this word. Although 
occasionally they have considerable interest; they announce at this stage of 
the evolution the break up, the failure of the involuntary stereotyped 
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organization, of the automatic expression, and are the signs of the re- 
appearance of a real language of volitional character. 

(4) The last stage: the verbal stereotypy has definitely disappeared. The 
compulsory verbal expression, let loose or ejaculated suddenly and even 
recently, has given place to a willed expression which, however, is slow, 
and difficult of accomplishment, imperfect, in which there appear suddenly 
a ready-made sentence uttered with ease—a new aspect of automatic 
expression different from the first. That is, the characteristics of the verbal 
utterance now contrast with the initial stereotypy: the compulsory, 
involuntary character has given place to a willed expression, but accom- 
plished slowly and with difficulty. The unconscious character of the 
disorder has disappeared also in great part. It is no longer only of his 
general deficiency of speech of which the patient is aware, but also now 
of the difficulty and the imperfection of his verbal accomplishment. The 
speech still lacks that spontaneity, that facility of utterance and that 
rapid rhythm which characterized the strictly stereotyped condition: 
it is slow, is produced with effort, as if the patients were groping for words. 
One sees appear, likewise, some phonetic disturbances which were totally 
absent in the stereotypy and which so often characterize the utterance of 
those suffering from aphasia of Broca’s type. 

At this stage, there are two principal types of aphasia considered accord- 
ing to the verbal expression of the patient: 

(1) Those who, as we have just said, have this slow, difficult speech with 
imperfect phonetic accomplishment, mixed with ready-made language 
uttered with ease, the whole expression respecting grammatical organiza- 
tion. 

(2) Those whose grammatical organization is faulty, whose language is 
infantile, of the type “‘parler petit négre.”’ This is agrammatism, something 
which merits being set apart as an evolutionary mode of the stereotypy. 

This evolutionary mode of the recovery from the permanent verbal 
stereotypy is not always identical with the picture we have traced. We 
have given, rather, four aspects of the dissociation of stereotyped organiza- 
tion, than of a fixed, obligatory succession of four stages; and besides, 
some patients remain at one of these stages. The evolution of this poor 
debris of speech—the stereotypy—too much neglected till now, affords us — 
suggestive data on the importance of the dissociation of automatic and 
volitional uses of language to which we shall return. This evolutionary 
view has moreover a practical interest of a prognostic kind; it certainly 
is of great value to know whether a patient afflicted by aphasia will remain 
walled in this rudimentary parrot-like kind of expression, or whether he 
has a chance of freeing himself from it, and of regaining a true language, 
even if more or less imperfect. 

From our study it appears that there are at last two elements of par- 
ticularly bad pronostic value (Table III). 
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TABLE II].—FUTURE OF STEREOTYPY 
Broca’s without 


Wernicke’s agrammatism Agrammatism Anarthria 
Transient 
stereotypy 5 0 0 ] 
Long-standing 
stereotypy 0 > 8 0 


PROGNOSTIC VALUE OF THE TYPE OF STEREOTYPY 


Definitive Stereotypy Regressive Stereotypy 
No. ys No. y 4 
Stereotypy without 
linguistic value 11 6 a5 5 45 
Stereotypy with 
linguistic value 19 5 26 14 74 


(a) The non-linguistic character of the iterative stereotypy (54 per cent. 
of these cases of definite stereotypies). 

(b) The importance of associated apraxia (nearly all our cases in which 
the stereotypy did not regress had an important apraxia). 

One understands easily that the stereotypy devoid of linguistic meaning 
which represents the most profound disintegration of speech, is an especially 
severe disorder. But, I have no idea concerning the significance of apraxia 
in such cases, except for the part it plays in phonetic disintegration, as 
we shall see later. 


THE CONTENT OF VERBAL STEREOTYPIES 


There is finally a special aspect of verbal stereotypy which deserves 
our attention a moment more; it isitscontent. Is there a hidden significance 
behind this involuntary and unconscious utterance? 

Jackson was the first to put this question to himself. He noted that, 
in a certain number of cases, the words of the stereotypy (those, of course, 
having a linguistic meaning) seemed to be the expression of the patient’s 
thought at the moment of his stroke; he supposed that they may have 
represented a fragment of the sentence which the subject wished to pro- 
nounce at the moment of losing consciousness and therefore described 
them as a stillborn proposition. He wisely emphasized besides, that, 
though it is not always possible to know what the patient’s state of mind 
was at the beginning of his illness, one could even in these circumstances, 
from the content of the recurring utterance, infer something of the thought 
or feeling which had given rise to this form of expression. 

Of such utterances some examples have become classical. I shall recall 
only the man whose recurring utterance was “Come on to me,” and 
sometimes only, “Come on’’; he was a railway signalman and was taken 
ill on the rails in front of his box. A woman could only utter “Gee Gee’’; 








14 T. ALAJOUANINE 


she was taken ill while riding a donkey. Jackson refers, too, to a case of 
Dr. Russell, a clerk who became paralysed after hard work making a 
catalogue, and could only say, “‘List complete’’; and to one of Sir James 
Paget’s patients who was injured in a brawl and whose recurring utterance 
was, “I want protection.” 

Gowers believed that the terms used in the stereotypy were exactly 
the last the patient had said before losing consciousness. One of his 
well-known examples was that of a woman who was taken ill in a cab; on 
entering the vehicle she had asked to be driven to Mrs. Waters; her 
stereotyped word was “‘Missus, Missus,” a part of the last words she spoke. 

Critchley believes that Jackson’s interpretation is not as close to reality 
as that of Gowers. He gives two examples: a patient with the recurring utter- 
ance, “‘on the booze,” who had been overtaken by apoplexy in a tap-room 
brawl; and the case of “‘an attractive young lady of dubious morals,” who, 
after a cerebral hemorrhage, could say nothing but the “revealing words” : 
“Not tonight, I am too tired.” 

I am not convinced that the precise interpretation of Gowers is truer 
than that of Jackson, which is broader and with more nuances. Here are 
some of my own observations. It is unlikely that the writer, of whom I 
have already spoken, who kept repeating spontaneously as well as in reply 
to questions, “Farewell, the things of this world,” had been pronouncing 
this sentence at the time of his stroke, which occurred in bed in the morning; 
but it corresponds doubtless to his impression of the imminence of disaster 
which he expressed in such a poetical way. The patient whose stereotypy 
consisted in the words, “Ai bien dit,” was paralysed as the result of an 
accident in an automobile driven by her husband whom she had told 
repeatedly that he was driving too fast, and doubtless wished thus to renew 
her warning which had not been followed: “Indeed, I told you so.”” One 
of my patients, a butcher-boy, paralysed when he was serving a customer, 
constantly repeated, ““The customer, the boss, the customer, this evening.” 
Another said only, ““Must write, must write’; he had had his attack after 
having written reluctantly numerous letters at the New Year. Finally 
there was the case of a tiler who was on the roof of a school when he was 
taken ill and who constantly used the word, “School, school,” in the way 
of occasional utterance. 

In reality, the interpretations one may propose to explain the exact 
way in which the stereotypy is installed admit of an important element of 
uncertainty. These interpretations are nevertheless close to one another in 
the sense that they refer to the expressions uttered just before the stroke, or 
at least, in conformity with the Jacksonian view, refer to the situation in 
which the patient was at the moment. They consequently point towards 
the end to which the verbal expression was directed; a pattern, one might 
say, which was ready for use and on the way to being organized, and 
because of the illness became a single pattern used in barrel organ fashion. 
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It would be interesting, too, to try to furnish an interpretation for the 
iterative speech of verbal stereotypy. I do not know any that is entirely 
satisfactory: I propose, however, the following explanation. As there is 
only a single kind of phoneme the patient is able to utter, perhaps this 
obligatory mould in which the verbal stimulus results, provides the necessity 
to say the word or words over and over. The verbal stimulus continues to 
take again and again the only free path, the only route, one might say; and 
the more obligatory, the more simple is the stereotyped expression. This 
is somewhat like what takes place in normal speech when a call is repeated 
several times, “Come, come,” or a recommendation or an urgent warning. 
“Attention, attention” =“Be careful, be careful”; or even when a speaker 
repeats what he has just said, before he has found the form in which to 
cast what is to follow in his discourse. There is also an analogy which 
comes to mind: the similarity between iteration in aphasic stereotypy and 
in the condition called palilalia by Brissaud and Souques in Parkinson’s 
disease and pseudo-bulbar palsy. In these cases the iterations affect an 
entire sentence which is repeated rather often with rapid utterance in a 
monotonous way and with a timbre which becomes gradually weaker until 
it becomes a mere whisper. But this unexplained phenomenon has, in 
common with iterative stereotyped speech of the aphasia, only its involun- 
tary character, but not its fixity and especially the unawareness on the part 
of the patient. The muscular rigidity of these patients strongly suggests 
the idea of a motor disorder, partly of hypertonic nature. 


AGRAMMATISM 

We have seen that a certain number of patients go from the permanent 
verbal stereotypy to agrammatism. This word was coined by Kussmaul and 
has acquired its greatest importance with Pick who has devoted a mono- 
graph, unfortunately not finished, on agrammatical disturbances in speech. 

Agrammatism constitutes a very special disturbance of verbal expression, 
of which the grammatical disorder is the chief phenomenon, but this 
deterioration of grammatical organization is not sufficient to define it in 
its most general aspect. This rather frequent disturbance belongs to very 
diverse categories of aphasia and therefore has no significant symptomatic 
value. Head wished to establish a special type of aphasia based solely on 
disturbance of syntax, but in our opinion he included under this heading 
many other disorders. 

Entirely different from the variable and incidental impairment of the 
grammatical organization found in a number of aphasic cases, which are, 
may one say, “‘occasional dyssyntaxias,”’ there is an agrammatism charac- 
terized by regularity, fixity, and permanence in the grammatical arrange- 
ment, which characteristics testify to its being a very special disturbance. 
As we shall see, its aspect and its evolution are always the same and it is 
always to be met in the same group of a particular variety of expressive 
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aphasias. This fact causes one to infer in it a certain symptomatic value 
and gives it a particular prognostic value. 


This type of agrammatism, which for me is true agrammatism, is rather 
difficult to define other than by the essential fact, which the talk of the 
patient immediately reveals, that there is reduction of the sentence to a 
skeleton of its construction; only nouns and verbs in the infinitive form 
are retained, and all of the little words, “‘the little tools of language,” are 
suppressed. All grammatical differentiation, gender, number, and tense 
in particular, and also all subordination of clauses are lost. The more 
rich language is in such differentiation, the more pronounced appears 
to be the agrammatism. It may be compared to the elementary use of 
a little-known foreign language or to the systematic abbreviations used 
for telegraphic messages, or better to the stage of infantile speech 
which follows the phase of the “‘word-phrase.”’ This style of speech 
is called either “telegraphic style,” or “parler petit négre” (piccaninny 
sveech). These comparisons are of some value in the interpretation 
of agrammatism. 

My study is based on 19 cases of agrammatism of this type observed in 
145 cases of Broca’a aphasia; but it concerned only permanent cases, and 
not other patients who may have had a transitory agrammatism. Fig. 5 
shows the most important of the associated symptoms in the clinical pic- 
ture of these aphasic patients. Among the symptoms which must be 
emphasized are, first, that all these patients have a subnormal ability to 
name objects; and they are likely to repeat all that one asks of them, 
something unusual and unexpected when one considers their mode of 
speech. 

However, one is struck immediately by their articulatory defect which 
in the greater number of cases, is of a dysphonetic sort (of this we shall 
speak later). Their spontaneous language is emitted usually with a slow 
rhythm, hesitantly, and with pauses which occasionally suggest a certain 
scansion or element of stuttering. This amounts essentially to a difficulty 
in accomplishing sounds. Besides this difficulty of spontaneous speech, 
which exists as well in speech initiated by a question, one notices, especially 
in attempting to name objects or in pronouncing certain words, the 
extraordinary efficiency of oral incitation on the part of the observer. 
It is enough that the observer suggests the beginning of a word or sometimes 
that he simply makes the slight mimic gesticulation suggesting the word, 
whispering rather than speaking, for the patient to pronounce and repeat 
without any trouble. However, this is no longer the case with a sentence, 
especially a rather long one. 


The understanding of many of these agrammatic patients is little dis- 
turbed, but it is so for reading and writing, as we shall see later on. There 
was in nearly all of our cases a hemiplegia which was always severe and 
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only partially regressive. The greater number have also an apraxia which 
is not always predominantly in the brachio-facial region. 

The essential feature of agrammatism is, above all, the special gram- 
matical disposition of what the subject wishes to, or can, express. The 
laws of this are much more difficult to establish. The first fact is the pre- 
dominant and capital place that nouns have in their language; then, the 
use of the infinitive of the verbs, without agreement or without tense; and, 
finally the disappearance of articles, pronouns, conjunctions, and often 
adverbs. As we said before, the grammatical organization is skeleton-like 
and because of this, language structure is rigid and impoverished and 
without any of the shades which make the richness of discourse. An 
example may be given. The writer whose pathetic stereotypy we referred 
to before, having become agrammatic, he whose language had been so 
rich and so delicate, received me with “To-day, Doctor. Good evening. 
Talk literature.” There are, of course, many degrees in this grammatical 
alteration; certain subjects little by little enrich their speech at long 
intervals, here with an adverb, there with a conjunction in incidental 
and variable manner. Their written language has these same characteristics, 
quite the opposite from the fluctuating mobility of oral and written 
syntactical disorders of other aphasic patients. Many patients who are 
agrammatic, can read and write rather well, but in doing so omit articles, 
conjunctions, etc., thus rendering their text agrammatic. 

A very remarkable fact, observed in many of these patients, is the normal 
grammatical arrangement in that part of speech which is no longer under 
volitional control, in other words is spontaneous: ready-made formule 
of salutation, exclamations, etc. The formulation of such phrases is 
correct and rapid. Thus the agrammatism does not extend to automatic 
language, which is in these subjects much reduced. 

There is a last characteristic of this clinical picture which is not less 
curious, that is, the relatively slight awareness the patient has of his own 
disorder. He seems to believe that he has used language almost normally, 
and he is astonished, for example, to find himself incapable of conjugating 
the verb he has just used in the infinitive, when asked to do so. Already 
completely unaware of his trouble when he was at the stage of verbal 
stereotypy where he began, he is not aware, either of his difficulty in 
speaking or of the insufficiency of his grammatical accomplishment. 

The evolution of agrammatism presents two important peculiarities: 
first, as we have already noticed, agrammatism is one of the essential modes 
of evolution of long-standing stereotypy. Of the 15 cases of our table, we 
see (Table IV) that 8 whom we were able to observe a long time, were first 
reduced to verbal stereotypy (almost always of the type with linguistic 
signification): 4 of our patients were not seen before the beginning of the 
agrammatic stage and 2 of them had had at first a complete suspension of 
ability to speak and had passed directly to the utterance of ready-made 
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TABLE IV.—PRELUDE TO AGRAMMATISM 


Symptoms various Duration of aphasia 
to agrammatism before agrammatism 
1 Stereotypy 1 month 
2 Stereotypy 2 months 
3 Stereotypy 9 months 
4 Stereotypy 20 months 
5 Stereotypy 15 years 
6 Stereotypy 7 months 
7 Stereotypy 2 months 
8 Stereotypy 2 months 
s) Automatic speech 11 days 
10 Suppression of Unknown 
automatic sentences 
11 Unknown — 
12 - 
13 - 
14 —- a 
15 Suppression 1 year 


expressions. These 15 cases show the importance of the stage of verbal 
stereotypy as a pre-grammatical phase, a stage which has lasted from a 
minimum of several weeks to two or three months, and often for many 
months or even years. 

The other evolutionary characteristic of agrammatism is its persistence: 
it seldom shows any very pronounced tendency to improvement, especially 
in cases in which it developed slowly, having become established little by 
little after a long phase of verbal stereotypy. Our 15 patients remained 
enclosed in an obligatory agrammatical framework, and, as shown in the 
table, 11 of these were unable to escape the mould of verbal stereotypy. 
Thus from our material it would appear that agrammatism has a poor 
prognosis, which accounts for the frequent failure of rehabilitation. I do 
not wish to say, however, that transitory agrammatisms may not exist, for 
such patients may not have come under our observation. 

We shall not consider psychological or linguistic explanations of 
agrammatism in any detail because of their hypothetical nature. Perhaps 
this mode of speech represents a reduction in grammatical construction or 
a return to an initial infantile stage of grammatical organization, a dis- 
solution according to the Jacksonian meaning of the word. We wish to 
emphasize the clinical point, which is that a pure agrammatism is a quite 
definite clinical state, always the same, permanent or longstanding, often 
in association with a severe motor disorder, and, accordingly, has a 
precise prognostic signification. 


THE SYNDROME OF PHONETIC DISINTEGRATION 
There is a level of disintegration of speech, more especially that of 
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elocution, which concerns the articulation of words rather than the formula- 
tion of language. Here, besides the alteration of the linguistic system, the 
the main impairment involves the phonologic system which will now be 
considered in further detail. 

We have noted that patients whose permanent verbal stereotypy dis- 
appears may have a speech which is slow, hesitating and deformed; we 
have described certain of these deformations as dysphonetic. The problem 
which is posed by this condition is whether there is a defective verbal 
accomplishment, due to perturbed verbal stimulation in the really aphasic 
manner, or whether there exists, on the contrary, a disturbance having to 
do only with the articulatory phase of the speech, i.e. an anarthria in the 
terminology of Pierre Marie? This conception of anarthria has been 
discussed, and the position of Pierre Marie has been attacked by Dejerine 
as well as by Head,who reserved for such facts the name of verbal aphasia. 

It is certain that anarthria in a pure state is rare, especially in its very 
first phase. Nevertheless, the fact that articulatory disorders of this type 
may exist in isolated form is enough to indicate they may occur in associa- 
tion with indisputably aphasic disorders. In the latter event, their interpre- 
tation must be different from that of the paraphasias. To be convinced of 
the reality of this type of disturbance of the elocution of spoken language 
there must be a complete integrity of written language. In such rare 
instances as we have observed, the patient is unsuccessful in pronouncing 
words he wishes to utter and capable of producing only incomprehensible 
sounds and such patients, always armed with a pencil are able to express 
their thoughts in writing without any difficulty. Does not Head himself 
point out that certain of his patients had such difficult oral expression that 
they constantly used paper and pencil. To a lesser degree, a discrepancy 
between the rareness of deprivation of words in written language, and 
such severe disturbances in spoken language, is not infrequent. Head 
notes it also. This type of disorder, in which articulatory disturbances 
are predominant, forms an important category within the group of Broca’s 
aphasia. It was observed by Pierre Marie, who was led to the conclusion, 
which he later presented as an axiom, that Broca’s aphasia is aphasia plus 
anarthria. 

Having become convinced by such cases that elocution could be disturbed 
in selective fashion, we undertook with Ombredane and Melle Durand, 
some years ago, an experimental phonetic study of the modes and mechan- 
isms of elocution, by recording the verbal emissions of the patient on 
Rousselot’s cylinders. We were able to confirm by this means that there 
is a syndrome in which the primary disorder is in the process of elocution. 
The deterioration of the phonetic system was found to consist of a dis- 
turbance of both the possibility of uttering specific phonemes, and the 
power to link together the phonemes into elocutory series, the times of 
which are solidary or interdependent. There is, moreover, a difficulty in 
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passing from one phoneme to another under specific conditions for the 
grouping of such phonemes, in the speed and tempo of this transition 
and in vocal modulation and accentuation (records). 

Contrary to what one might have expected, these phonetic alterations 
present a remarkable homogeneity and consistency which permits one to 
reduce them to a certain number of characteristics described in our mono- 
graph. From this analysis, which cannot here be explained in detail it is 
possible to distinguish: 

(a) a paretic aspect with insufficiency of breath as shown by spirometry 
and weakness of articulation; (6) a dystonic aspect with excessive move- 
ments of articulation, inordinate in their strength and length, the speech 
being dominated by hypertonia, postural rigidity and synkinesia; (c) an 
apraxic aspect with important simultaneous bucco-facial apraxia. There 
are, then, several degrees and several levels of the alteration of the motor 
speech mechanisms, from the disturbances of the elementary movements to 
the highest disorders of the psychomotor level. 

It is our impression that there are strong analogies between the patho- 
logical phonetic alterations and the first manifestations of infantile lan- 
guage. The former, indeed, is distinguished by tonic characteristics of the 
primitive oral reactions and the existence of synkinetic associated move- 
ments is very clear in them. Numerous changes which can be observed 
during different stages of recovery in our patients are also found in the 
normal phonetic progress of a child, i.e. dissimilation, assimilation, 
metathesis, elision, etc., to use the terminology of phonetics. 

Thus, in conformity with the Jacksonian principle of dissolution of 
function, the patient’s speech is reduced to primitive levels, found in the 
first stages of the development of language. We have named the disorders 
due to alteration of the process of elocution, the “syndrome of phonetic 
disintegration,” 

Critchley, in his Semon lecture of 1953 on “articulatory defects in 
aphasia,’ while considering kindly our work as the most important of 
those having entered upon the problem of dysphonetic alterations, does 
not declare himself, however, entirely convinced by our demonstration, 
which to him seems to rest upon too restricted a number of cases, and 
which, on the other hand neglects fluctuation according to circumstances of 
the speech of the aphasic patients and according to the uses of language. 
These criticisms do not seem fully justified. First, as to the number of 
patients submitted to phonetic exploration, as noted in our monograph, 
we chose only certain cases in which there had been a complete and detailed 
study, about 50 records in all, from a much larger series that had been 
submitted to such exploration and which yielded identical results. 
Secondly, as for there being wide phonetic variations according to the 
diverse aspects or uses of language, our material does not substantiate 
this statement. Our objects showed a severe difficulty of utterance and a 
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remarkable fixity of phonetic deprivation in all the experimental con- 
ditions of verbal evocation to which we submitted them. We are continu- 
ing this study, having at the present time an even more simple and easy 
method of oscillographic recording of both voice and lip muscles. 

Admittedly, the interpretation of the disorder is difficult. We agree 
with Critchley, if we had not been already convinced of it before, that we 
must guard against a too mechanical conception of phonetic disturbances. 
We know by experience that it is not always easy to distinguish them from 
certain paraphasic deformations, which are usually less fixed and more 
fluctuating according to circumstances, and also of different utterance and 
rhythm. 

JARGON APHASIA 

The aphasic language, which we have been discussing, though reduced 
to one or several words without meaning, restricted to elementary 
forms of grammatical syntax, and altered by phonetic or paraphasic 
disturbances, usually retained some significance. One may discern at 
least some elements of appropriateness in emotional expression or some 
meaning which could be grasped, at least as a whole. But there is still 
another type of disturbance of verbal expression: the jargon aphasia in 
which the major element is the disappearance of that very quality which 
gives signification to speech. In other words there appears to be a suppres- 
sion of the semantic values of language. Here we are concerned with a 
profound loss of the meaning of words which we had already found to 
be disturbed in stereotypy without linguistic meaning. 

Although not easily defined, jargon aphasia is not difficult to recognize 
clinically, since it is an incomprehensible language, not because of abnor- 
mal utterance or defect of articulation, but simply because it is completely 
lacking in meaning. Indeed, the verbal utterance is often so facile and 
quick that to analyse this strange speech, one has to use a wire recorder: 
only in this manner is it possible to detect in this speech disorder several 
types of abnormality. 

(a) First, there is what can be named an undifferentiated jargon, very 
close to verbal stereotypy without linguistic meaning. However, the 
latter was easy to distinguish because it was composed of only one or 
two phonemes, always the same, in contrast to jargon aphasia, where 
there is an almost incessant flow of sounds more or less varied and fluctuat- 
ing from one moment to the next. 

(b) Second, the jargon is composed of neologisms, i.e. new terms 
devoid of any linguistic meaning, which make it like some queer foreign 
language, since there remains in it some semblance of syntactic organiza- 
tion; we have called this asemantic jargon. 

(c) Third, a jargon made of constantly misused words. This phenomenon 
of substituting one word for another is frequently observed in Wernicke’s 
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aphasia, particularly when the patient attempts to name objects. However, 
jargon aphasia is constant and results in series of non-understandable 
sentences. This state we have named paraphasic jargon. 

These different types of disorganization of speech in jargon aphasia 
vary greatly. For instance the last one may eventually be translated, 
which is quite impossible for the others. 

Here is an example of undifferentiated jargon in one of my patients: 
sanénéqueduacquitescapi. Asemantic jargon (used by one patient who 
had been asked to describe a picture) is illustrated by the following phrase: 
“les costelles qui se friment, ici un racreéme, deux enfourches a janpié, 
deux zenes sobe, un chaudier qui met le clistone,”’ etc. Paraphasic jargon 
is exemplified by the speech of another of our patients ““Le bon est vieux 
du bon Dieu en servant 4 ces dames,”’ which may be translated: “The 
good is old from Good God using to these ladies.” 

These different forms of jargon aphasia may be distinguished by 
analysis, but experience has taught us that they may appear together in 
the same patient, at different moments of evolution on recovery from 
aphasia. 

If one studies the chief characteristics of jargon without lingering on 
the mode of disintegration of the speech (the syntax being not infrequently 
preserved, as could be seen in the last two examples), one may notice: 
First, ease and fluency of verbal expression; the quick utterance, the 
spontaneity, and the absence of delay of incited speech; all of which 
stands in perfect contrast to the difficulty, effort and slowness of the 
patients suffering from the preceding categories of Broca’s aphasia. 

Second, an unawareness on the part of the patient of his language 
disorder. The patient never doubts for an instant his speech is normal. 
It is amazing to see such a patient uttering in a confident and natural 
way utterly meaningless words or extraordinary sentences. For instance, 
one of our patients called on by a neighbour who wore splendid new shoes, 
told her admiringly: “Oh, what beautiful chemists you have.” This inter- 
change of words which, of course, surprised the neighbour, was the begin- 
ning of a paraphasic jargon and the first symptom ofa left temporal tumour. 
The importance of such anosognosia among the symptoms of jargon must 
be emphasized, because it is oné of the major phenomena. 

Another curious aspect of this same phenomenon is that such patients 
criticize the physician when he uses the words taken from their own jargon, 
an observation which we have made several times. This fact emphasizes 
the contrast between their own anosognosia and their ability to criticize 
others, which is possible only because they retain, at least in part, some 
understanding of spoken language. 

Of course, jargon exists not only in spontaneous speech or attempt at 
conversation, but also in the naming of objects, in the describing of pictures 
or simple narration. It is observed in written as well as in oral expression, 





24 T. ALAJOUANINE 


even in reading. It is especially remarkable to see a written order be 
correctly executed while the patient describes at the same time his action in 
an extraordinary jargon. 

The understanding of spoken language is, indeed, very often much less 
disturbed than one would expect from the patient’s unawareness of his 
own jargon. There is, nevertheless, as our tests have shown, very often an 
auditory agnosia, a perceptive defect which must not be neglected. Then, 
too, many of our patients were found to have severe disturbances of 
hearing by audiometric study. 

Tables (figs. 6, 7 and 8) show the symptoms associated with jargon 
aphasia in 25 cases. These we cannot consider in detail. 

The outcome and eventual prognosis of jargon aphasia is of the greatest 
interest. In contradiction to the opinion of many authors who regard 
jargon aphasia as the most severe form of speech disturbance, there are, in 
our experience, jargons which undergo a regression often to the point of 
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VERBAL REALIZATION IN APHASIA 
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great improvement. Of course, in considering prognosis, one must take 
into account the etiology of the aphasia, the extent of the causative lesion 
and the character of associated neurological abnormalities (auditory 
agnosia, hemianopia, motor or sensory defect). A permanent hemiplegia 
appears to be an ominous sign and the same is true of auditory agnosia. 
Even undifferentiated jargon is not necessarily permanent. It may be 
nothing but the beginning phase of aphasia and rapidly give way to one 
of the other forms. But if it continues for an extended period of time, 
the prognosis appears very poor. 


The evolution of jargon aphasia tends to be from an undifferentiated 
jargon to asemantic jargon and thence to paraphasic jargon of “one word 
for another’ type. Moreover, one may observe various degrees of para- 
phasic jargon varying according to the lack of correspondence between 
the speech and the idea to be expressed, or, as Lotmar has expressed it, 
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COMPARISON OF ASSOCIATED SYMPTOMS IN 2 GROUPS 
OF JARGON APHASIA AT THE INITIAL PHASE 
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to the degree in which the verbal utterances belong to the same conceptual 
family. With improvement the severity of the paraphasia lessens. 

Another proof of the potentially transitory character of some jargon 
aphasias may be obtained in some cases of aphasic seizure. Here the 
patient speaks for a shorter or longer period of time in jargon, and after 
the termination of his seizure his speech becomes normal. 


CONCLUSIONS 

The facts we have just reviewed possess not only a clinical interest and 
a prognostic value, but also elucidate to some extent the two great problems 
of verbal expression in aphasia. The first is the interpretation of the 
disorders which involves the manner according to which verbal stimulation 
passes into its expression. This disorder causes a dissociation between the 
uses of speech. The key to its interpretation lies in what we have called, 
with Ombredane, Baillarger-Jackson’s principle. The other, still more 
difficult to interpret, is the significance of the relative or complete anoso- 
gnosia of this defect of realization. 

(a) What we call Baillarger-Jackson’s principle was named by Jackson 
himself, Baillarger’s principle; but he has developed and described it in 
such a masterly way that it is necessary to associate their two names. 
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Baillarger, who was a physician at La Salpétriére, while discussing in 
1869, at the French Medical Academy, the paper of Dax dealing with 
localization of speech in left brain hemisphere, expressed the remarkable 
idea that the main disorder of aphasia was the suppression of voluntary 
verbal stimulation while spontaneous verbal stimulation remained. 

Here is the text selected and quoted in French by Jackson himself. 
“Quand on lit des observations d’aphasie, on constate chez un certain 
nombre de malades ce phénoméne singulier qu’il leur est impossible de 
prononcer certains mots quand ils essayent de le faire et qu’ils y appliquent 
toute leur énergie de volonté; au contraire, quelques instants apres, ils 
prononcent ces mémes mots sans le vouloir. Ainsi il y a chez eux perte 
de Vincitation motrice volontaire, conservation de l’incitation motrice 
spontanée.”’ 

In several of his papers, Jackson came back to this remark of Baillarger, 
which he considered, as we have seen, as a principle, and emphasized 
its value. He gave numerous instances in which he expressed also his views 
on the different uses of language, which he named propositional and emo- 
tional. I have myself, in various studies, found it necessary to revert to 
this valuable interpretation of the physiopathology of aphasia. In my 
opinion it provides the best explanation for the data which have been 
presented. 

In permanent verbal stereotypy we have been struck by the character of 
involuntary speech, and, during its regression we have noted the increasing 
influence of will. During the first stage of verbal stereotypy all voluntary 
speech is abolished; it remains only a fixed and automatic verbal expres- 
sion. Later, as speech comes more differentiated, the automatic utterance 
is checked by voluntary speech as the latter reappears. The more proposi- 
tional and volitional forms of speech remain imperfect and difficult, 
while ready-made or emotional language becomes facile. 

In agrammatism, which is only the end of such an evolution, the same 
dissociation is found: voluntary speech shows agrammatism; automatic 
speech escapes such a disorder. 

In pure anarthria, which is an isolated disturbance of the material 
means of elocution, stable and regular in its character, no dissociation is 
left. The studies of “visible speech” also reveal that these articulatory 
troubles are to some extent related to the situation in which speech occurs. 
They seem to be less obvious in emotional speech, especially when they 
are associated with other disorders more clearly of an aphasic nature. 

And lastly, in jargon aphasia, logorrheea, quick utterance, uncontrolled 
expression show indisputably the lack of voluntary influence; the latter 
reappears clearly when jargon regresses. Furthermore, in the automatic 
language which is the jargon, there is something else, anosognosia and 
disintegration of the semantic value of the speech. 

(b) As far as anosognosia is concerned, we must confess that the inter- 
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pretation of that important element in the disturbances of verbal expression 
seems extremely difficult. Strictly speaking, it is not a true anosognosia, 
as is for instance the unawareness of a diseased state of the body i.e. 
Anton-Babinski syndrome. It is not of his disease that the aphasic patient 
is unaware, but only of a particular disturbance of verbal expression caused 
by the disease. It is a selective agnosia of a function, or better, the agnosia 
of the way in which the speech activity takes place. It is similar to what is 
observed in some patients with hemianopia or cortical blindness, who are 
unaware of their visual disturbance. Regardless of whether or not 
auditory imperception plays a part in the aphasic anosognosia, the essential 
point remains that the patient does not consider his speech as abnormal. 
Perhaps the relatively automatic character of his speech is the reason for 
this lack of awareness, as in the normal individual in whom the more 
automatic utterances are but dimly perceived. Such a possibility is 
suggested by the diminution or disappearance of aphasic anosognosia as 
the speech improves and a greater degree of voluntary control reasserts 
itself. Anosognosia may, then, be only the mark of distorted motor 
verbal activity and not a primary event in itself. 


SUMMARY 


In summary I would say that our analysis of the strictly oral verbal 
aspects of aphasia have led us to the following conclusions. 

(1) Lesions of parts of brain concerned with language result in a motor 
speech defect varying from complete inability to utter a single word to an 
inability to adequately express feelings and thoughts, despite volubility 
in the most complex situations. 

(2) The adequacy of verbal accomplishment in any one patient, if 
properly tested, varies according to his stimulus to speech: situations 
leading to emotional, expletive, interjectional, automatic, habitual 
language are always more effective than those requiring volitional or 
propositional speech. 

(3) The verbal residues, which often appear in a compulsive, almost 
involuntary, manner without the patient seeming to be fully aware of them, 
take several relatively uniform and easily recognizable forms. These which 
we have called verbal stereotypy, agrammatism, phonetic disintegration, 
jargon aphasia have been described in detail. 

(4) Prolonged observation of these disorders of verbal expression 
reveals certain predictable evolutionary sequences, which are of value in 
prognostication of the outcome of the speech disorders, and which 
possess a certain pathophysiological significance. 














THE STRUCTURE OF EMOTIONS REFLECTED IN EPILEPTIC 
EXPERIENCES! 


BY 


DENIS WILLIAMS 
From the National Hospital, Queen Square, and St. George’s Hospital, London 


THERE are epileptic patients who in their attacks have elaborate 
co-ordinated movements which seem purposive, or very complex dis- 
turbances of feeling, related either to their bodies or their environment. 
They have been said to have epileptic equivalents, psychomotor epilepsy, 
or, contemporarily, temporal lobe epilepsy. The disturbances which may 
be seen in these patients, or which may be described by them, may mimic 
most of the sensations and movements which occur naturally, and in 
any one patient the mimicry may be so close that it becomes a matter 
of speculation whether the disturbance is physiogenic—epileptic, or 
psychogenic—neurotic. After detailed study of a very large number 
of patients who have disorders of this sort it has become clear that this 
distinction cannot always be made from study of the event alone. Indeed 
there are instances in which cerebral function has been disturbed at 
such a high level of integration, in Jackson’s sense, that the distinction 
physiogenic—psychogenic becomes not only impossible but undesirable. 
During the occurrence of an epileptic state, as reflected in the patient’s 
condition and in his electroencephalogram, conceptual distortions and 
emotional disturbances may arise which will alter the subject’s attitude 
to his total environment and his physical response to it. The physical 
and the psychological causalities of feeling and behaviour have become 
indistinguishable. As an example of this elision it may be mentioned 
here that the higher the level of cerebral function involved in the epileptic 
disturbance, the more likely is it to have continuity with, and be patterned 
by, pre-ictal events—a situation not encountered in the simple epilepsies— 
the more in fact in this regard does it also mimic ordinary cerebral activity. 

I think there are only two kinds of epilepsy, general and focal. The 
general epilepsies, which have at their basis a disturbance of central 
mechanisms, are of two sorts. 


‘Based on the Bradshaw Lecture delivered in the Royal College of Physicians,, 
London, November 10, 1955. 
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(1) Juvenile petit mal, in which there is the negation of activity, and 
in which there is invariably a ubiquitous spike-and-wave discharge in 
the electroencephalogram, and 

(2) Grand mal, in which a tonic-clonic fit, of which the patient has 
no knowledge, is associated with ubiquitous spikes in the electroencephalo- 
gram. 

The focal epilepsies may arise in any part of the hemispheres, though 
the cortex seems usually involved, so that any /oca/l function may be 
interrupted, disturbed, or induced. The word local is emphasized, 
because it is only in the first cell stations through which percepts reach 
the hemisphere or the last from which the resulting movements begin— 
it is only at the very lowest levels—that the epileptic disturbance gives 
a reflection, albeit a distorted one, of local function. The farther from the 
first cell station, the more complex the neuronal integration and the 
more highly co-ordinated the functional result. Also, of necessity, the 
less stereotyped is the result of use or misuse. 

In consequence, epilepsy arising in the primitive areas of representation 
causes a stereotyped and easily recognized train of events, best seen in 
the Jacksonian march of clonic movements or of sensory change. But 
very complex epilepsies, though less stereotyped and much less easily 
studied, have a local origin. 


METHODS OF LOCALIZATION 

The epileptic attacks most suitable for study are those with a stereotyped 
pattern. In them changes due to chance may be recognized as such 
and the constantly recurring phenomena offer excellent opportunities 
for accurate observation. A particular feature of the attack may be 
related to other, more clearly understood, changes. These include other 
experiences in the attack, such as a limb movement or a sensation, which 
have known sites of origin in,the cortex. For instance, a sense of fear 
which is preceded by an hallucination of buzzing or by vertigo would 
suggest a mid-temporal origin for the attack, but it would not indicate the 
area disturbed to invoke fear. A sensation experienced in the process of a 
march of epileptic events might have greater localizing value, as in a patient 
who experienced an olfactory hallucination, fear, and then brief motor 
aphasia, or another who had an organized visual hallucination followed 
by an auditory one, then fear, movement of the left face and arm, and 
then an abdominal visceral sensation. In these epileptic experiences 
milestones in the march of the epileptic discharge across the cortex 
can be discerned, and from the known, deductions about the unknown may 
be made. The electroencephalogram may give an approximate or a highly 
localized point of origin of the epileptic discharge, or the site of a 
small demonstrated lesion—as in Jackson’s original case—can provide 
even more convincing evidence of localization. Lastly, experiment, 
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either by recording from the exposed cortex or stimulation of it, as 
begun by Fritsch and Hitzig in 1870, described fully by Adrian in his 
Ferrier lecture of 1938 and applied to man by Penfield and Jasper (1954), 
will give the most accurate localization of all. After localization, excision 
may so alter the experimental situation that further evidence of localiza- 
tion is obtained. 


THE FORM OF EPILEPTIC EXPERIENCES 


This work is concerned with the use of the simpler epileptic experiences, 
whether motor or sensory, in the study of the more complex. These 
elaborate and often bizarre experiences are very diverse in their form, 
and the same experience may be subjectively interpreted and then des- 
cribed differently by different patients; indeed only the more intelligent 
and educated patient is able to give an adequate subjective description 
of his experiences. 

Theoretically the results of local epileptic changes may include an 
example or a distortion of every feeling or movement of which the 
patient is capable, in an infinite number of variations and combinations. 
Therefore in order to prevent any account of cases from degenerating into 
an anecdotal parade, it would be wise to attempt some form of classifica- 
ation, although this is done for expediency, realizing that the classification 
has little intrinsic value. 

Movements which occur in the epileptic disturbance may, as Jackson put 
it, be ‘‘animal or organic’’—skeletal or visceral. In this study we are 
only concerned with movements occurring in the ictus itself. The tonic- 
clonic movements of epilepsy are not physiologically co-ordinated, but 
smooth co-ordinated and apparently purposive movements often do occur 
in the higher epilepsies. All quasi-purposive movements resulting from 
post-ictal confusion are obviously excluded, and they contribute nothing 
to knowledge of cerebral function. Visceral movements include those of 
thoracic and abdominal viscera, vasomotor, and glandular changes. 

Sensory changes in epilepsy may be perceptual or conceptual, and they 
include distortion of sensations (illusions) and hallucinations. They may 
range from the most primitive perceptual hallucination—that of flashing 
white light or the tingling of an extremity—to elaborate conceptual 
disturbances of size, shape, space or time, or complex conceptual hallucin- 
ations, involving several modalities of sensation such as those experienced 
in Jackson’s dreamy state or “intellectual aura.””» Many examples of this 
kind of attack have been described by Penfield and Jasper (1954). Gastaut 
(1954) has made a classification of the motor and sensory changes of 
‘““ysychomotor epilepsy” which he used to compare the disturbances in 
man with those found in rhinencephalic stimulation in cats. The com- 
parisons he draws are very close for somatic and visceral motor changes, 
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but of course in the field of “‘psychosensory phenomena,” observation 
of animals falls short of description by patients. 
The following schema includes, I think, most of the phenomena that 


have been encountered in the survey of which this present paper constitutes 
a part. 
FORMS OF ICTAL EXPERIENCE 
Sensory Experiences 
Perceptual Illusions and Hallucinations 
Special Sensory—light, sound, smell, taste. 
Common Sensory—tingling, pain or loss of feeling. 
Conceptual Illusions and Hallucinations. 
Proprioceptive 
Body concept: 
Partial: Limb: e.g. alteration in size or shape; a supernumerary limb; 
disturbed positions; disordered relation to whole, i.e. “different,” 
“‘unreal,”’ “sinister”; unawareness. 
Total: e.g. depersonalization; detachment or self; autoscopy. 
Exteroceptive 
Partial: Visual: e.g. Lilliputian, objects receding; space huge or constricted ; 
objects distorted; objects too vivid. 
Auditory: e.g. sounds distorted; far away; unreal or impersonal; 
having personal reference. 
Total: Derealization; “‘“dreamy states.” 
Mixed Proprioceptive and Exteroceptive (Total Conceptual Disturbances) 

e.g. dissociations; derealization with depersonalization; “dreamy states” 
which include the person; bizarre examples, e.g. “I feel the room is vast 
and I am in the top left-hand corner.” 

Temporal Disturbances 

Disturbances of “‘subjective’’ time, e.g. time seems to stand still; time 

rushes by. 

Disturbances of “objective” time, e.g. people seem to move slowly, to rush 

along, or “‘my thoughts rush by.” 

Perceptual Distortions, e.g. familiarity, déja vu, jamais vu. 

Motor Activity 
Somatic (Skeletal) 
Inco-ordinate—Focal—muscle twitch. 
General—tonic—clonic. 
Co-ordinate —Partial—e.g. licking, laughing, sucking, grimacing. 
General—quasi-purposive, e.g. running, striking. 
purposive, e.g. aggressive organized outbursts with 
inadequate cause. 
Visceral 
e.g. vasomotor, sudomotor, piloerection, cardio-respiratory, 
alimentary (belching, borborygmi). 
Epileptic Hallucinations (considered separately): 
Special Sensation 
Unitary: 
Visual: unformed or formed; stationary or animate; natural or bizarre; 
coloured or black and white; total or against normal perception. 
Auditory: unformed sounds, music, words, or words with personal reference. 
Olfactory: unformed. 
Gustatory: unformed. 


4 
* 
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Complex: 
Special sensory. e.g. visual hallucinations that speak. 
Multisensorial hallucinations. 
Special sensory with perceptual change. 
e.g. ‘‘a feeling of blue balloons in the left leg.”’ 
Special sensory with total conceptual change. 
e.g. living an hallucinatory experience in a dreamy state 
Common sensation. 
e.g. an extra limb. 
Total sensation with vision and hearing. 
e.g. autoscopy. 
Emotion. Mood or feeling tone. 
fear 
depression 
pleasure 
unpleasure 
anger 
in various settings, degrees and descriptions. 
Memory. 
Always and only as a pattern for an hallucination falling into one of the 
previous categories. 
Thought. “Spontaneous” cognition did not occur alone in any case, though 
secondary cognition based on the hallucination is described. ‘Forced 
thinking” should be reconsidered. 


THE CLINICAL MATERIAL 


Any value of the observations in this paper rests in the accurate des- 
cription of their experiences given by epileptic patients. In the course 
of clinical practice the stories were all obtained personally, by direct 
account and by questioning. Those patients who described elaborate 
experiences of any sort—anything more than numbness or tingling, 
or primitive hallucinations such as flashing lights, as part of the epileptic 
disturbances were studied particularly fully. They all had the routine 
investigations usual in cases of focal or late epilepsy, undertaken to 
try to discover the site and cause of the disorder. 

In a study of this kind it is essential that the observations should 
all be made by the one person who will be responsible for the notes 
and the subsequent analysis of material. The value of this was often 
confirmed by important details of the story which emerged when the 
patient was directly questioned—details he thought unimportant, or 
about which he was reticent or ashamed, and which had not appeared 
in previous careful clinical accounts. 

The present survey is concerned with 100 patients who felt an emotion 
as part of the epileptic experience. These 100 patients were in a group 
of 165 who had complex feelings in the epileptic attack. They were 
found in about 2,000 epileptics living normal home lives, a half seen in 
hospital and a half in private practice. Ictal aggressive outbursts have 
been excluded and will form the basis of a later, related paper. 
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IcCTAL EMOTIONS 


Everyone knows the disturbed emotional environment surrounding 
the epileptic fit, immediately or remotely. There is apprehension that 
an attack may occur, fear evoked by the knowledge of an impending 
fit, alarm, dismay, or distress caused by the ictal events, and subsequent 
malaise with depression and distress in the post-ictal period. We all 
know, too, that the alteration in the patient’s life and in his attitude 
to it may cause prolonged disturbances of emotion or mood, frank 
neurosis being common. This study is not concerned with any reaction to 
the events in the attack, but only with emotion and moods which from their 
description form part of the epileptic disturbance. 

In all except one patient the epileptic emotion or mood was associated 
with other abnormal sensations. In about two-thirds it was preceded, 
and in one-third followed by other ictal sensations, whilst in about a 
half it occurred in the very middle of the attack. This relationship, as 
well as the description of the emotions felt and its total setting usually 
made the differentiation of natural from epileptic emotions quite clear, 
as study of the case abstracts will show. 


RESULTS 
Occurrence of Ictal Emotions 
Total number of patients with complex epilepsies <a 260 
Total without any ictal emotional content = ae 65 
Emotions experienced in the other 100: 
Ictal fearin ... ie re aos bus we 61 
Ictal depression in... is oe ‘aa ae 21 
Other ictal emotions in bes ve a — 18 


These figures are simply presented to give a general idea of occurrence, 
for this deliberately is not a statistical survey. 

Location of lesions or foci causing ictal emotions.—The demonstration 
of a lesion at operation, by angiography or encephalography needs no 
comment. Recognition of a focus of origin of the epileptic discharge 
by electroencephalography is convincing if the disturbance is very discrete, 
if there is a reversal of phase of the discharges, and if there is a focal spike 
discharge, but often the electroencephalogram only gives supportive 
evidence of localization, or none at all. Primitive ictal events which were 
used for localization were unilateral and especially spreading movements or 
sensations ; visual experiences, particularly when unformed—flashing lights, 
moving shapes or colours; buzzing or stereotyped sounds; vertigo; a 
smell or a taste; aphasia; visceral disturbances, presumed upon strong 
evidence in animal experiment and some evidence in man (Penfield and 
Jasper, 1954; Gastaut, 1954) to be related to disorder of inferior frontal, 
insular and fronto-temporal (limbic) cortex. In most instances, a relation- 
ship of this sort can only mean that the emotion is “arising” near the 
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site of origin of the other experience. When emotion occurs as part of a 
march of several ictal events it may be related to structure with greater 
confidence. For instance in one case there was a buzzing sound, then fear, 
and numbness of a hand; in others pallor, then fear and then vertigo; 
in one a taste, then fear and salivation; and in another there was a sensa- 
tion in hand and face, then fear and involuntary overbreathing. The 
accurate recording of the sites from which movements and sensations were 
evoked by electrical stimulation of the human cortex by Penfield and his 
colleagues (Penfield and Rasmussen, 1950; Penfield and Jasper, 1954) 
has been an invaluable source of reference. 





Laterality 
TABLE I 
Ictal experience 
Other 
Site of lesion or focus All cases Fear Depression emotions 
Right 43 15 4 a 
Left 74 30 6 3 
Bilateral or unlateralized 48 16 11 13 
Total 165 61 21 18 


Localization was only attempted to large areas, anterior and posterior 
frontal; parietal; occipital; anterior, middle, and posterior temporal; 
superficial and deep temporal; no localization apparent; or abnormality 
diffuse. 


In presenting a précis of evidence in a large number of cases, the 
inaccuracy of localization in any one case becomes submerged in the 
whole. “‘Anterior temporal” for instance may well include cases with 
lesion of the orbital surface of the frontal lobe too, while “posterior 
temporal” will elide into the parieto-occipital areas. The general picture 
is presented in Table II, with the qualification that accuracy can only 
be established in unusual cases, described in detail later. 


TABLE II 
Ictal emotion or mood 
Other 
Site of lesion Fear Depression emotion None 
Anterior temporal 35 2 y 11 
Middle temporal 17 7 7 16 
Posterior temporal 0 1 9 12 
Anterior frontal 0 0 0 10 
Posterior frontal 0 0 0 11 
Parietal 0 0 0 1 
Diffuse or unlocalized 9 1 0 
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From this table the following deductions can be made. 

(1) Fear as an ictal experience occurs only when the lesion or discharge 
involves the anterior half of the temporal lobe (P> -001). 

(2) Depression as an ictal experience cannot be related to any one 
part of the brain. 

(3) Complex epileptic experiences may result from lesions or discharges 
in many parts of the brain without any ictal emotion. 

(4) Fear arises in 70 per cent of the 50 patients with anterior temporal 
foci, in 46 per cent of the 37 with middle temporal foci, and in 60 per 
cent of both groups together. 

The estimated position of lesions producing complex epilepsies in 
all these cases is shown in fig. 1 A, B, C and D. It is quite apparent from 









EMOTIONS REFLECTED IN EPILEPTIC EXPERIENCES 





> 
FRPERFFFFE 
prFF 


ia 


Fic. 1D. 


Fic. 1, A, B, C, D.—In each of these figures each symbol refers to one case. F is 
fear, D depression, P a pleasurable and U an unpleasurable feeling tone. O refers to 
a case in which no emotion was felt in an elaborate epileptic experience. Where the 
symbols appear below the diagram, the electroencephalographic disturbance was 
diffuse, and other evidences of localization indefinite. The position of lesions is shown 
schematically on the exposed cortex of one hemisphere. They are simply grouped as 
frontal; anterior temporal, middle temporal and posterior temporal; diffuse or un- 
localized, as in Table II. There is no claim to exact position, depth within the hemis- 
phere, depth in sulci or position in submerged cortex. 


them that the term “Temporal Lobe Epilepsy” is a fairly accurate des- 
cription since all the examples of frontal lobe foci are in its lower part 
and seem to involve the insular regions, its orbital surface or its lower 
and outer aspects. Similarly all the parietal lesions except one were 
in the inferior part of the lobe clustered around the lower end of the 
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Sylvian fissure. As a generalization, in those patients with ictal emotions 
there is a disorder adjacent to the fissure of Sylvius and below it. When 
lesions or foci were found above the fissure of Sylvius ictal emotions were 
most unlikely to be experienced. 


The nature of ictal emotions.—Before these case histories were studied 
critically my impression had been that a wide variety of emotional experi- 
ence had been encountered in the stories of these patients; this was not 
so. When allowance was made for differences in descriptive capacity 
and vocabulary, reduction in degree of recall and also for intensity and 
duration of the experience, the ictal emotions could with ease be classified 
as: 


Fear; Depression; Pleasure; Unpleasure, and possibly anger. 
Fear was by far the most common, and in these patients who had 


elaborate epileptic experiences was as likely to occur as absence of any 
emotion. 


This limitation of emotional experience with cerebral lesions or dis- 
charges to these four or five primary emotional states should not simply 
be considered against the 100 cases in which they occurred, but against 
the clinical study of over 2,000 ambulant epileptic patients living at home 
from whom those 100 patients were selected. If other emotions do arise 
they must be very rare, for I have been so anxious to recognize patients 
who have had any ictal emotion that there are unlikely to have been any 
in this large series. It is now my view that critical questioning will identify 
the patient’s ictal emotional experience as fear, depression, pleasure, 
unpleasure. More elaborate feelings do not occur. 

It would be well to mention anger here, particularly because epileptic 
aggression, excluded from this paper, is causing so much interest today 
among psychiatrists and jurists. It is difficult to divide the emotion 
anger from motor aggression, particularly in the stories of epileptic 
patients. Altogether 17 examples of ictal aggression were encountered in 
this series and in all of them the lesion was in the anterior half of the 
temporal lobe or the inferior part of the frontal. There was one patient 
who described fury as well as a number of other feelings in his attacks, 
but in addition to having epilepsy he was also a difficult aggressive man 
with attacks of violent anger. 


Anger as a purely affective state, in the absence of visible aggression, 
did not occur in any other cases. Penfield and Jasper (1954, p. 451) had 
similar experience, for having described forms of fear and sadness as ictal 
emotions, they say ‘“‘This discussion brings up for consideration other types 
of emotion such as anger, joy, pleasure, sexual excitement. So far as our 
experience goes, neither localized epileptic discharge nor electrical 
stimulation is capable of awaking any such emotion.” 











EMOTIONS REFLECTED IN EPILEPTIC EXPERIENCES 


FEAR 


In the natural state an emotion involves four sets of related 
responses, the subjective experience, the visceral component, the cognitive 
result, and the total organismal response. So much has been written 
by the earlier descriptive psychologists in these subjects, that argument 
has expired. It is reviewed by Bridges (1931), Young (1943) and Lindsley 
(1951). It is accepted that the bodily components of the affective state 
contribute to the total of the subject’s experience. In view of the accept- 
ance today of the idea of sensorimotor holism and interdependence 
within the nervous system, it is as surprising that psychologists should 
have tried to divide the emotional-sensory from the emotional-motor, 
as it is that some neurologists considered the “sensory system’’ and the 
“motor system” as independent functional units. 

Nevertheless in epileptic states fragmentation of cerebral functions is 
usual, so that focal sensory attacks and focal motor attacks occur, while 
sensory attacks with appropriate motor accompaniments are less common. 
The fragmentation of total cerebral activity in the abnormal conditions 
of the epileptic attack reflects the disintegration of normal cerebral 
mechanisms during the attack and gives little or no indication of the 
integrative activity of the cerebrum. The local epileptic discharge is 
accompanied by unitary and isolated function of parts of the cortex 
not possible in normal circumstances, a fact of great value in studying 
the physiology of the emotions. In health the cerebrum acting as a whole 
organ, with interdependence of any part upon the whole, presents such a 
different picture of total function that it is impracticable to consider its 
study by examination of its units. Hence the artificial distinction that 
has so far existed between “‘psychology” and “neurology” using each 
word in its broad sense. The epileptic discharge reveals in its behavioural 
accompaniments the executive aspects of cerebral function rather than 
the integrative, and in consequence thought per se does not arise as an 
epileptic experience except in a most fragmentary way, even though the 
bulk of tissue or area of cortex involved in the mechanisms of thought is 
much greater than that concerned with the initial acceptance of sensations 
or final evocation of movement. When lesions of the cerebrum, epileptic 
or otherwise, disturb its function, they may inhibit or induce sensation 
or movement, but although they usually inhibit thought they do not 
cause spontaneous primary cognition, since cognition is purely an integra- 
tive function. The epileptic experience can include hallucinations of sight, 
sound, smell and even hallucinations of emotion and mood (Williams, 
1954) but it does not cause hallucinations of thought. Cognition of a 
sort may, of course, arise from ictal hallucinations and accompany them 
in the attacks, as described in several of the following cases including 
Cases | and 2. For example, the subject of an epileptic hallucination will 
feel he is part of the hallucinatory scene (Case 2), but he may also think 
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about his place in the scene while it is occurring (Case 1). The importance 
of keeping a distinction between the emotional experience, and its somatic, 
visceral and cognitive accompaniments, will be appreciated in the ensuing 
descriptions. 

Case 1.—Ictal Fear with Secondary Cognition. 

A woman, 45 (Case 2803), had had brief stereotyped attacks for sixteen years with- 
out cause. She suddenly feels “‘terribly frightened” and “horrible all over.” This fear 
is intense and unnatural and with it she always has the thought ‘“‘Now I’ll know what 
I am frightened about” but never does. She says she goes stone cold, sweats profusely, 
has visceral activity—*‘my inside feels like a washing machine,” and her body feels 
light. She is seen to go very pale. There is no loss of consciousness and the whole 
attack, which begins and ends abruptly, is over in a few seconds. 


This patient had a family history of epilepsy and the electro-encephalo- 
gram showed 6-a-second rhythms in both anterior temporal areas. 
Case 2.—Fear with Complex Related Hallucination and Cognition. 

An architect, 25 (Case 500), has had sonogenic epilepsy in response to machinery 
noises for ten years. Hearing a high-pitched crescendo whine produces distress in him 
and he then has an elaborately integrated hallucinatory experience. He sees a man and 
two smaller figures on a frozen pond, around which he is skating. He experiences fear 
which concerns the figures, and feels he is “in the grip of some power I cannot escape.” 
The figures are speaking quietly together about his fear, and he feels he should get 
closer to solve the problem but cannot do so since he is skating in a circle. He then 
has a major convulsion. 


This is an unusually elaborate epileptic experience, for the visual 
and auditory hallucinations are naturally related, the patient is part 
of the hallucination (autoscopy) but his relationship to it is a natural 
one, the emotion (which is very complex for he describes fear, feelings 
of reference, suspicion, and frustration) is apposite to the event, and 
what cognition there is is also appropriate. Presumably this ictal 
experience involves such cerebral integration that perceptual, conceptual, 
emotional and cognitive functions mimic the natural state. 

The nature of ictal fear—There seem to be as many forms of fear in 
the attack as in normal experience. Its intensity may be of any degree from 
slight—a sense of unease (Case 8), or intense—stark terror (Cases 6 and 
10). Its duration may be brief or more prolonged, so that the patient may 
describe a feeling of anxiety, but as time perception may be disturbed 
(“time seems to stand still’’ “‘time rushes by” or “it seems to last for ever 
but is only a moment”’) its assessment is difficult. Fear is always anticipa- 
tory, we can only be afraid of the future, so of necessity if as in the natural 
state cognition accompanies the affect, time perception is implied. But 
there is a subjective difference between fear of the immediate event and 
of that likely to occur at a longer interval of time, reflected in the words 
fear and terror, as opposed to the words apprehension, anxiety and worry. 
The same distinction based on time as well as degree may be met in 
the epileptic experience but when this is so there is always lack of 
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cognitive clarity. The patient may say “I feel afraid, as if something 
awful may happen” (Case 3), rather than “I am afraid a definite event 
will occur.’’ What thought there is is secondary to the emotion, whereas 
normally the emotion arises in response to an evoked thought. 


Case 3.—Ictal Fear, “‘Unnatural,” Provoked by Natural Fear 

A girl, 11 (Case 2125), had had frequent brief attacks for five years. They happened 
in the morning particularly, and were induced by a sudden fright or surprise. Her 
parents said that she would stare and go pale, then for a few seconds she would go 
quiet or say a few confused words. Then she would take a big sigh and say “I was 
so frightened.” The patient said she felt as if she were spinning round, then felt fear, 
“as if someone is going to be knocked over, or as if someone has gone away.”’ Ques- 
tioned, she said it was unnatural, it was not caused by the attack but “is something 
inside me.”’ “Then I turn natural and am alright.” There was a very sharp spike 
focus in the left temporal pole (fig. 2). The girl was physically, intellectually and 
emotionally normal. 
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Fic. 2.—A sample of the electroencephalogram from Case 3 showing a well- 
localized focus of origin of an abnormal wave complex in the left anterior temporal 
region. This illustration serves as an example of the use of the electroencephalogram 
in the other cases in the paper. 


Here is an example of ictal fear provoked by natural fear. The attack 
begins with vertigo, and visceral changes (pallor and sighing) accompany 
the emotion of fear. 


The quality of the affective state differs from the normal. The fear, 
terror, apprehension or anxiety is “unnatural” (e.g. Cases 1 and 2) 
or “fear of the supernatural,” like “being afraid of ghosts” or “a creepy 
sensation” or “being afraid of the dark” (e.g. Case 14). To questioning 
the patient will say it is not like the fear of an animal, of heights, or of 
an examination result. This is a very striking and I think a usual distinction 
made by the patient, due to two qualities of the ictal emotion. The 
epileptic fear—like epileptic bodily sensations or special sensations— 
arises out of context, an hallucination induced by the local epileptic 
discharge, and, having arisen, the affective experience is without any 
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previous causal percept or cognition. When in an attack a percept does 
arise, it is an epileptic hallucination, and that hallucination may evoke 
fear, but that is a normal fear state secondary to an hallucinatory percept 
whilst here we are considering only primary ictal emotions. The fear 
in these cases then arises spontaneously as an hallucination, without 
perceptual cause, and in this regard it closely resembles fear of the super- 
natural, of ghosts, and of the dark. The fear often arises during a state 
of clouded consciousness and the following two cases are examples 
of the behavioural accompaniments of fear apparently taking place in an 
amnesic state when the affect fear could neither be experienced nor recalled. 


Case 4.—Fear Response without Experienced Fear 

A man, 35 (National Hospital 57489), had had epilepsy since 14 years of age. There 
was a well-localized focus of discharge of spikes in the right anterior temporal area, 
and air encephalography showed diffuse enlargement of the left lateral ventricle most 
marked in its temporal horn. The patient was an habitual criminal of an aggressive 
kind, and came to the National Hospital for study because of the severe focal electro- 
encephalographic abnormality found on routine prison examination. 

When a boy his attacks, of which he had several a day, consisted wholly of a period 
of amnesia during which he would cry out “Don’t, don’t” or “Help me, help me,” 
and would run with apparent fear to the nearest person. If several were present he 
would go to a woman, and if one was his mother, to her. He would clutch so tight he 
could not be freed and after a few seconds the attack would be over and he would 
apologise. Now, an adult, he still in his amnesia calls for help, but his head turns to 
the left and he raises his left arm in the air in a tonic way, too. 


It is of course conceivable that cognition occurred in that amnesic 
state, but if it did it must have been most rudimentary. 


Case 5.—Fear Response without Experienced Fear (Sonogenic Epilepsy). 

A girl, 19 (National Hospital 46761), had epileptic attacks induced by sound, 
particularly if a constant note were repeated. In the attack a crescendo buzz becomes 
formed into a cacophony of voices and all her attention is focused upon them. There 
is tingling in the left leg, and then there is amnesia. This process may lead to a major 
convulsion. In the amnesic state the patient always looks afraid, calls out “I must 
get away,” and will rush out of the house. She denies any emotion, however, so that 
the “‘state of fear’’ is entirely limited to the amnesic time. Although she was clinically 
normal, and air encephalography and arteriography were normal, the electro- 
encephalogram showed a diffuse right temporal disturbance like that of local organic 
brain disorder. 


THE ACCOMPANIMENTS OF THE AFFECTIVE STATE 


Perceptual._—In 12 cases a visual or auditory hallucination, of which 
examples have already been given, was closely related to the fear state. 
When the hallucination happened before or after the hallucination of 
fear it was not quantitatively related to it—as in Case 6. 


Case 6.—Fear Linked to Numerous Ictal Hallucinations. 


A doctor, 30 (Case 415), had had convulsions for eight years. They were induced 
by the sound of the voice of an announcer of the nine o’clock news. At the onset of 
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the attack the voice becomes peculiar, then close and deafening, it reverberates. Then 
it becomes “unnatural” and is accompanied by an “unnatural terror which petrifies 
me.” There is a vivid vision of a man he does not know, who is terrifying, a visual 
memory of his sister-in-law and of a medical officer he knew, both terrifying, and the 
voice of a woman with a Lancashire accent. Although the whole event is intensely 
vivid, he cannot recall it, but he is aware that the auditory illusion, the auditory 
hallucination, the visual hallucination, and the memory are all intensely terrifying. 
He then has tingling in the left foot, and may go on to a convulsion. 


In this case ictal terror is felt, as such, but terror is also intimately 
linked to the ictal illusions and hallucinations which are associated with 
it. There is the same affective tone throughout, and it seems that there 
is an hallucination of terror; he thinks that the hallucinations “‘petrify 
him” with terror, though they are merely an hallucination of a girl’s 
voice, the memory of a relative’s and a friend’s face. It is not in fact 
the hallucinations that provoke the terror, but rather the patient has 
hallucinations of fear, sight and sound all intimately mixed. There 
was neither visualization of the fear nor fear of the vision, but a multi- 
sensorial experience of vision-fear, an elision of sensory experiences 
well known in epilepsy. Sometimes, however, the fear seems to be invoked 
by the hallucination as in Case 2 and in Case 7 which is briefly quoted 
because it is an example of a story encountered in several patients. 


Case 7.—Fear Linked to a Visuo-spatial Experience. 

A businessman, 52 (Case 2570), had attacks for a year in which he had an intense 
feeling there was someone behind his right shoulder. In this state he seems to see the 
head and shoulders of a man in his far peripheral field, there is fear and he wants to 
escape. He is conscious, tries to speak but only makes unintelligible grunts. He may 
then have a major convulsion. 


The hallucination of the upper part of a person only is common and is 
experienced behind the subject, as in this case. 

Fear may occur anywhere in the march of an epileptic experience, 
early in the attack, in the middle, at the end, or alone. Case 8 is an 
example of pure ictal fear in isolation. 

Case 8.—Isolated Ictal Fear. 

A boy, 14 (National Hospital 49916), had had a severe closed head injury aged 5. 
It was right sided, and the left side of his face was a little the smaller. There were no 
other abnormal signs and his personality was normal. He had major epilepsy and 
minor attacks. Inthe minor attacks he felt sudden fear with no visceral accompaniments 
and no other experiences. It was “‘a sudden unpleasant feeling like being afraid.” 
This would last for up to three minutes he thought, and he would remain conscious. 
The fear was not intense and when questioned he said that the word apprehension 
would describe it. The same sensation would herald a major fit. There was a very 
sharp spike focus just below the right Sylvian point in the electroencephalogram. 


Ictal fear can be associated with any of a large number of disturbances, 
motor or sensory. The sensations have included all the special senses, 
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vertigo, limb tingling, pain and a large variety of visceral sensations. 
They need not be enlarged upon. 


Case 9.—Fear Linked to Disturbance of Body Concept. 

A boy, 11 (Case 1832), had convulsions and attacks of aphasia. Though physically 
normal he is left handed and his electroencephalogram showed epileptic disturbances 
in the middle of the left temporal lobe, while an air encephalogram showed dilatation 
of the left temporal horn. 

He also had smailer attacks in which he felt giddy (rotation) and was nauseated. 
There was then tingling and weakness of the right arm and pulling of the right side 
of the face. He was compelled to swallow, with a feeling of a lump in the throat. 
He was unable to speak. Then his hands would seem too big, they were unnatural, 
he could not understand why they were there. This was accompanied by intense 
fear of his hands. The attack might then subside or proceed to a convulsion. He would 
run to his mother, looking afraid. The attacks are stereotyped and are precipitated by 
fear, excitement, or fun. They are succeeded by right-sided weakness. 


Case 10. 

A woman, 60, in the National Hospital in Dr. Carmichael’s care had late epilepsy 
involving the right side. In her attacks the right hand seemed remote, seemed to belong 
to someone else and though of normal appearance seemed “‘terrible’’ and “horrible.” 
She would cry out, quickly put the hand under the bed-clothes, but would then see 
a black after-image of the hand in its previous position. The black shadow had the 
same horrible quality. 


In both of these cases, left mid temporo-parietal epileptic discharges 
must have provoked a focal attack in which there was disintegration of the 
visuo-sensory concept of a hand, intimately linked to an hallucination of 
fear as in Case 6. 

In one case (Case 11) the fear was actually localized to a part of the 
body. 

Case 11.—Focal Fear. 

A right-handed woman, P. S., 32 (St. George’s Hospital), had a mild right hemiplegia 
without aphasia, due to local cortical atrophy. Her personality was robust and her 
intellect high average. She had focal epilepsy. 

She had three kinds of focal attack affecting the right side: 

(i) A panicky feeling inside the skull—*‘a frightened sense there’ with twitching 

of the righ. corner of the mouth. 

(ii) A numb sensation in the right leg, with “jumbling of my thoughts.” 

(iii) Electric shocks in the right arm with pain and a sense that it was twisted 

behind the back of the head. 

The electroencephalogram showed 2-a-second waves arising over the middle of the 
left temporal lobe. 


Fear may be associated with viscero-motor (Cases 13, 14, and 15) 
or somatic-motor changes (Case 9), the fear may be linked to local 
disorder of body percept as in Cases 19 and 10, and it may be accompanied 
by other affective changes—for depression, and pleasure have been 
described by patients, e.g. Case 12. 

Other emotions—An example of an unusual and unexpected combin- 
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ation of fear with a pleasant emotion was described by the patient of 
Case 12. 


Case 12.—Ictal Fear with Ictal Pleasure 

An electrical fitter, 21 (Case 1554), had atrophy of the left temporal lobe, shown by 
dilatation of that temporal horn. There was no cause for it, but as he had long- 
standing epilepsy and had no physical signs, it may have been congenital. He was the 
subject of episodes of intense depression. The electroencephalogram showed high 
voltage spikes with reversal of phase just above the left ear, and 5 and 6-a-second waves 
also arose in the anterior half of the left temporal lobe. 

He had major convulsions and also attacks without loss of consciousness. These 
were stereotyped. He first had a sense of fear with a sinking feeling in the epigastrium 
like “‘getting a fright in the abdomen,” and this was associated with a pleasurable 
feeling, which seemed to have been a mild elation. ‘“The sensation you get with a job 
well done,” which is described more fully in a later section. 


Visceral changes with fear—The chance of visceral symptoms being 
associated with ictal fear are even, for 31 of the 61 patients experienced 
some visceral change, 30 denied any, and 14 patients who did not experi- 
ence fear in the attack had visceral disturbances. Therefore, as in the more 
usual somatic epilepsies, the sensory or motor components of the cerebral 
integrative function may arise in isolation. An example of fear arising 
alone was presented in Case 8. 

Examples of fear with visceral sensations are shown clearly in Cases 
13 and 14. 


Case 13.—Visceral Sensations with Fear 

A man, 29 (National Hospital 42409), had had attacks for ten years. They were 
of two sorts. 

(1) A feeling of gooseflesh and coldness, followed by a sense of tightening of the 
left side, then a “‘vague feeling of panic,’ a sense of remoteness when objects seem more 
distant and voices echo and have a different quality “‘as if listening to myself.’’ Speech 
is then deliberate and the left arm may go limp in a momentary period of amnesia. 
The attack lasts for less than five seconds. 

(2) A quivering feeling in the left trunk with dragging in the left side of the chest 
is followed by an electric sensation in the left testis. He goes pale, his expression is 
blank and there is momentary amnesia. 

The only disorder found after full study was in the electroencephalogram where 
episodes of 5-a-second waves arose in the anterior temporal regions in both sides, 
often on the right side alone. 


Case 14.—Unnatural Fear with Visceral Accompaniments. 

A woman, 35 (Case 1060), had had attacks for five years. They were all the same. 
Suddenly she would feel outside her body, looking at what she was doing. At that time 
her environment seems unreal, and although she knows what is happening “I feel I’m 
not there.” Then there is unnatural fear without cause. She is terrified of something 
unknown “not like fear in the blitz, not a nervous fear.”” She involuntarily holds her 
breath, is nauseated, retches, then recovers in a few moments. The attacks occur in 
bouts of 3 or 4 in a week. 

There was no physical disorder, but the electroencephalogram showed high voltage 
4-a-second rhythms of an epileptic kind in the anterior temporal regions on both sides. 
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Unusually intense visceral accompaniments of fear are seen in Case 15. 





Case 15.—Intense Visceral Activity with Fear. 

A woman, 59 (Case 3035), had a major fit a year previously and then had smaller 
attacks in runs every four to five weeks. They were all the same, and she was quite 
well between them. 

In the attacks there is the simultaneous onset of a number of changes. There is 
inability to speak for 30 seconds, the vision of something that has happened in her 
past, with an unremembered voice. There is dread that something might happen or has 
happened, a “‘big shadow of horror” not related to any object. She feels unpleasantly 
hot, has an epigastric sensation, belches and passes flatus repeatedly. This attack will 
recur every 20 to 30 minutes for five hours, and in this time there is frequent defecation. 

Her husband says the patient flushes, the eyes look blank, the right side of the face P 
twitches, and there is distressing and noisy belching and flatus. a 

There had been migraine with right-sided visual changes for many years, but no E 
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other disorder. She was otherwise normal, and had a most objective attitude to her 


disability. The electroencephalogram showed rhythms of 5-a-second, in both anterior si 
temporal areas, more evidence on the left, accentuated by overbreathing. Ps 

This is an example of hallucination of vision, hearing, memory and ib 
fear, with vasomotor and intense viscero-motor activity. In this case F 
in contrast to others the fear was not linked to the hallucinatory ex- Es 


periences. 
An example of visceral activity without the affective state of fear is 
that of Case 16. 


Case 16.—Visceral Disturbances without Emotion. 

A man, 22 (National Hospital 40346), had epileptic attacks, one of which I saw. 
He described the unaccountable sudden occurrence of nausea, epigastric discomfort 
and the desire to vomit. Heard voices would go quiet, and he would then have 
amnesia. In this amnesic period of about 60 seconds he reached clumsily for a cup on 
his locker, his face became pale, he made a grunting noise and then picked at the bed- 
clothes. He denied any other sensations, and had no emotional accompaniment 
to the visceral change. He was physically and mentally normal. The electroencephalo- 
gram showed high voltage spikes and 2-a-second waves arising in the right fronto- 
temporal region. 


A 


Case 17.—The Visceral Component of Fear without Affective Fear. 

A man, J. Q., 18 (St. George’s Hospital), had a calcified mass in the right temporal 
lobe. There was a mild left hemiplegia with a left homonymous quadrantic field defect. 
The electroencephalogram showed 2-a-second rhythms in the area of the right Sylvian 
point. He had attacks of an intense feeling of familiarity, with a fluttering in the 
epigastrium “‘As if I had been frightened, but I am not” and then a major convulsion. 


THE JACKSONIAN MARCH INCLUDING FEAR 
Fear initiated the attack in 14 cases, and immediately followed visceral 
sensation in 11, vertigo in 5, auditory hallucinations in 6, visual in 3, 
smell or taste in 3. It was immediately followed by visceral sensations 
in 15, visual hallucinations in 5, auditory in 1, vertigo in 2 and movement 
in 5. Fear was consequently experienced next with visceral sensations 
or activity, auditory hallucinations or vertigo in over 70 per cent of this 


R4 























EMOTIONS REFLECTED IN EPILEPTIC EXPERIENCES 47 





group. This close relationship clearly depended on the nearness of 
“limbic” and superior temporal cortex to the anterior part of the temporal 
lobe, disturbance of which induces attacks of fear. Although there was 
no predictable sequence of events in patients with ictal fear, its occurrence 
seems to have the same order of value in localizing an epileptic disturbance 
to an area of cortex as have special sensory hallucinations, vertigo, or 
movement or sensation in a limb. 

In some unusual cases (e.g. Case 18), fear followed a visual hallucin- 
ation so that at first it might seem that the causal disturbance had been 
parieto-occipital. If the train of events were considered as the Jacksonian 
march of the fit, in each case fear was experienced when the epileptic 
disturbance was passing through or near the anterior part of the temporal 
lobe. In one case for instance a visual hallucination was followed by an 
auditory hallucination, then fear, movements of right side of face and arm, 
and finally aphasia. In Case 18 a visual hallucination was followed by 
an auditory hallucination, fear, movement of the left arm, and then 
visceral activity. In both an epileptic disturbance had spread from the 
occipital pole forwards, following roughly the line of the Sylvian fissure 
to reach the parietal lobe in one case, and the inferior frontal in the 
second. On the other hand in a case in which an olfactory hallucination 
was followed by fear and then by aphasia, and in another where pallor 
and sweating were succeeded by epigastric sensations, fear and movement 
of the face, an epileptic discharge was spreading from before backwards, 
passing across the fore part of the temporal lobe. 

Case 18. 

A boy, 12 (National Hospital 46740) had epilepsy without evident cause. He was 
otherwise physically and mentally normal, but his electroencephalogram showed 
4-a-second rhythms in both temporal lobes, right more than left. There was not 
accurate localization. He had both major epilepsy and complex stereotyped epileptic 
experiences. The attacks had no precipitants and were unpredictable in onset. In the 
attack he first experienced an elaborate visual disturbance. Objects seen seemed to go 
too near and too far with no change in size. There was an hallucination like a very bright 
rainbow which seemed most unpleasant. Then he saw a man’s head over a wall and 
knew it was his schoolmaster (a school teacher’s head is fairly common—there were 
three in this series of cases). The hallucination seemed to be behind his left shoulder. 
The visual hallucinations were then replaced by an unformed auditory hallucination 
like the whirr of a dynamo and then there was fear—quite separate from the preceding 
hallucinations and not seeming to be related to them. The fear was as he said 


“unnatural.” Then there was visceral activity—swallowing was always witnessed, and 
nausea and an unpleasant epigastric sensation was felt. The left arm was seen to move. 


The sequence of events here—visual disturbance—formed visual 
hallucinations—unformed auditory hallucination—fear—viscero-motor 
activity, suggests an occipital—parieto-occipital—mid- and anterior- 
temporal—temporal, and finally—low frontal spread. 

The close relationship of visceral activity and fear.—Half the patients 
with ictal fear experienced visceral changes in the attack, and visceral 
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changes immediately preceded or followed the affect as commonly as all 
other ictal disturbances put together. Viscero-motor activity included 
cardiovascular changes—pounding of the heart, tachycardia, pallor; 
hyperpneea and tachypnoea; goose skin, piloerection and sweating; 
borborygmi, belching and flatus. Visceral sensory changes including 
thoracic disturbances—hollow feeling, palpitation, sensations rising to 
the throat; abdominal feelings—sinking, hollowness, desire to micturate 
and defecate, colic. 

Each of the visceral changes occurring with ictal fear is a fragment 
of the normally occurring fear syndrome. That the relationship of events 
in the epileptic attack is topographically rather than causally determined 
has already been argued. There is convincing evidence in animals (Kaada, 
1951) and accumulating evidence in man (Penfield and Jasper, 1954) that 
autonomic and visceral activity is mediated at the cortical level through 
the cortex of the inferior part of the frontal lobe the insular cortex and the 
adjacent “limbic” temporal cortex. Evidence has been presented here, by 
Macrae (1954) and by Penfield and Jasper (1954) that the primitive and 
primary emotion fear is represented in the anterior temporal cortex, and 
that fear is the most commonly invoked of the few emotions experienced 
in epilepsy. Is it not therefore proper to assert that the cortex subserving 
both fear-motor and fear-sensory are contiguous, as are somatic- 
motor and somatic-sensory? The viscera are no more represented in the 
inferior frontal or temporal cortex than muscles are in the pre- and post- 
Rolandic, but rather the integration of visceral activity resulting from the 
appropriate sensory change, in this case the emotion fear, is mediated 
through the fronto-temporal cortex. The anterior temporal cortex is 
concerned with the emotion fear in its sensory and motor aspects, a fact 
which offers a physiological parallel with the view of psychologists that 
the emotion is compounded of indivisible sensory and motor components. 

The social response to ictal fear.—So far the viscero-motor components 
of ictal fear have been described but examples of the appropriate total 
response is given in the following two cases, in which flight to refuge 
occurred during amnesia. 


Case 19. 
A 7-year-old epileptic boy (National Hospital 18840) experienced very frequent 


attacks of pure fear, many of which were witnessed by us in St. George’s Hospital. 
When in bed in hospital he would often be seen suddenly to show fear in his expression, 
and would rapidly burrow under the bed-clothes, to emerge in a few seconds, flushed 
and sweating, saying he had had a terrible fear. If this boy were about the ward he 
would impulsively rush to the nearest nurse, or failing a nurse, a male patient, clasp 
them round the legs and bury his face in them, to emerge in a moment flushed with 
the same explanation. He later became an aggressive delinquent and at the age of 
14 had an extensive right temporal lobotomy performed by Mr. McKissock on the 
basis of electrocorticographic changes, with cessation of the fear attacks. This case, 
which has interest from the viewpoint of the effect of removal of the temporal lobe on 
psychiatric abnormality, will be described in detail elsewhere. 
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Case 20.—Reflex and Purposive Responses to Ictal Feelings 

A girl, 15 (Case 1671), had had attacks for three years. She was normal physically 
and seemed a well-adjusted intelligent schoolgirl. In her attack there would be a look 
of fear and she would run to her mother or nurse, even to another room saying “It 
won’t happen.”” When younger she said “‘Please nurse me’’ many times. She would 
then rub the left side of the her nose, find a cloth or a doll, rub her nose with it and ask 
for a handkerchief. She then swallowed repeatedly and if there was any, crammed 
food into her mouth. The attacks lasted between 30 and 60 seconds, and at the end of 
some the left arm was raised. 

The electroencephalogram showed a spike focus in the right anterior temporal 
region, but an airencephalogram was normal. 

The patient is able to describe some of her activity—running for help, looking for a 
handkerchief, but there is partial amnesia. 


A number of cases have been seen in which children look afraid, run 
for comfort, and call out in fear in a period of amnesia. In them the 
sequence of events suggests that fear is being experienced, but not recalled 
—the child is conscious but amnesic. In this particular case presumably 
superficial sensation, a visceral sensation and presumably an emotion occur 
in the amnesic period and each is associated with its own appropriate 
reflex and purposive activity. The events are fear, with reflex facial expres- 
sion of fear, verbal and physical efforts towards protection; nasal sensation, 
with rubbing, seeking and using a handkerchief; hunger, with swallowing 
and feeding. 

Instinctual actions of this sort may occur in an amnesic period following 
the ictal fear and as mentioned earlier, fear reactions may occur without 
subsequent description of any emotional experience in the attack. It 
seems that in these instances fear is experienced in the amnesic period. 
Such elaborate activity as running towards a protective person is unlikely 
to be primarily ictal, but that it occurs within the period of the attack 
suggests that the instinctual act is very closely and very primitively linked 
with the affective experience of the emotion, as McDougall (1919) 
postulated. 

In this series of cases, the emotion of fear has been felt alone, and 
it has been associated with appropriate visceral and purposive activity. 
In the epileptic state however any fragment of the total fear state may 
occur in isolation, or components may occur together in disproportionate 
degree. 

The location of the lesion causing ictal fear —It has been shown earlier 
(Table II) that fear as an ictal experience only occurs when the lesion or 
discharge involves the anterior half of the temporal lobe. The discharge 
may involve either hemisphere, or both. It seems that fear is more likely 
to arise when there are lesions of the anterior third of the lobe, since 
there were just twice as many examples with disturbance of the anterior 


as of the middle third. 


Penfield and Jasper (1954) present detailed evidence upon three 
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patients in whom ictal fear was reproduced by stimulation of the cortex. 
The points which resulted in the emotion fear were in the upper, anterior 
and inferior aspects of the temporal lobe. Study of their protocols reveals 
that the emotion was evoked in differing intensity and from fairly widely 
scattered parts in the same patient. Macrae (1954) described 7 cases 
of isolated fear in epilepsy due to gross lesions, two meningiomas, four 
gliomas, and one aneurysm, and they were all localized on the median 
aspect of the lobe, so that he concluded that localization for the neuronal 
mechanism which, during epileptic activity, results in the aura of fear is 
on the medial aspect of the temporal lobe. The cortical portion of the 
mechanism serving emotions proposed by Papez (1937) is also considered 
to be in this situation. Although, for reasons to be given later, it is logical 
to think the cingulate and hippocampal region must be involved in the 
experience of fear, analysis of the symptoms of the present group of 
6i patients with ictal fear does not fully bear this out. As mentioned 
earlier, the immediately preceding experience of special sensation may 
have accurate localizing value, especially when it is part of a Jacksonian 
march of ictal events. In only 3 of the 61 cases (less than 5 per cent) 
was ictal fear preceded or followed by taste or smell. On the other 
hand, in all the 165 cases of complex epilepsy, taste and smell were experi- 
enced 11 times without any emotional accompaniment. In view of the 
doubt that has just been cast in the accepted location of the olfactory 
cortex (Brodal, 1947) we must leave this point undecided. In just a 
half of the patients with ictal fear (31) the position of fear in the march 
of events suggested involvement of the convexity and not the medial 
surface (vertigo, sound, sensation, movement, speech disorder). In 15 
the fear was very closely related in time to visceral activity. 

In this series of cases, fear is experienced when the anterior part of 
the temporal lobe is involved, especially in its pole, but the experience 
of fear seems to depend upon the cortex of the lateral surface of the pole, 
without any very exact localization. It must be remembered that here 
we are dealing with a human being’s description of fear as an emotional 
experience, and not the somatic components of fear studied in animals 
by Papez (1937). Indeed, as the observations in the preceding pages 
have shown, the evocation of the visceral components of fear in epileptic 
disturbances may be unrelated to the experience of fear, and it is unlikely 
that the site of their evocation would be identical. 

Instances both of the cessation of attacks of ictal fear, and of removal 
of fear as a component of attacks, as a result of removal of the temporal 
poles with preservation of the uncus and hippocampus, have occurred 
in this series. 

Case 21.—Ictal Fear Ceasing after Excision of Lateral Part of Temporal Lobe. 


A man, aged 51 (National Hospital 18829), admitted under Dr. E. A. Carmichael 
had had focal fits for four years, during which time he had been violently aggressive. 
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The attacks were heralded by stuttering, he would cry out, then see a red ball in the 
left visual field, followed by an unremembered voice speaking to him and a sense of 
being “strangely frightened” and then amnesic. A cholesteatoma was partially removed 
by Mr. McKissock from the anterior part of the left temporal lobe by amputating the 
lobe forwards from L’Abbé vein. The attacks continued after operation, but they then 
simply consisted of an unremembered voice speaking to him and then amnesia. 
The visual hallucination and fear were absent. 


DEPRESSION 


Although an epileptic attack is often associated with depression, 
that emotional state is unusual as the ictal experience itself. An account 
of change of mood heralding a fit, or leading up to a bad phase in the 
course of epilepsy, is heard fairly often. It is found in the association of 
premenstrual mood disorder and epileptic attacks, when there is a common 
metabolic precursor of both, and then it is reasonable to infer that the 
fit has been precipitated either by the mood disorder or its cause. Similarly 
when depression follows a fit, as it so often does, the assumption is 
always reasonable that the effects of the fit have been responsible for 
it, either physically or psychologically. The occurrence of a short- 
lived dense depression as an immediate sequel of a convulsion is particularly 
striking, and it forms the usual pattern of events in some patients. It 
emerges from the post-ictal confusion and ends quite quickly, in a stereo- 
typed way in any one patient. and in these it is probably an integral part 
of the ictal event, persisting after the other disturbances because unlike 
other sensory experiences, moods are continuing states, outlasting their 
cause. 

In the present results only depression occurring with the ictal experience 
itself is considered. Table II shows that ictal depression is only a third 
as common as ictal fear, and it was in fact described by only about | per 
cent of patients studied. 

Severity—The accounts of the 21 patients who experienced ictal 
depression showed that the general pattern was similar to that of ictal 
fear. The mood occurred in all degrees, with various appropriate accom- 
paniments, sensory, motor, and occasionally cognitive. Three illustrative 
cases follow. 


Case 22.—Mild Ictal Depression with Fear. 


A woman of 28 (National Hospital 43449), who had a robust personality, with no 
evidence of a neurosis (Dr. Maurice Partridge), had attacks in which she simply des- 
cribed the sudden onset of sadness. The whole attack consisted of a shivering feeling 
in the abdomen, a general sense of weakness, and the association of “feeling very 
sad,”” with apprehension. There were no associated motor or sensory changes, no 
hallucinations and no déja vu. The attacks seemed to last for three minutes, but were 
unrecognized by observers. The only abnormality found was an electroencephalo- 
graphic disturbance in the posterior part of both temporal lobes varying from side to 
side, as these disturbances so often do. 








52 DENIS WILLIAMS 


At the other extreme, an intense suicidal depression of sudden onset 
was experienced by patients such as in the following case. 


Case 23.—Prolonged Ictal Depression with Attempted Suicide. 

A married woman of considerable cultural background, aged 34 (personal case 797), 
subject to minor mood changes, aggravated by post-war economic difficulties, also 
had major epilepsy since childhood. The major convulsions occurred just before the 
menstrual period. There would be a dramatic onset of depression, always with a 
thought, half remembered, about “Death and the World,” and a compulsive urge to 
suicide, “‘always the awful feeling about ‘Death and the World’ comes with a feeling 
like going under gas.”’ The state always ends in a major fit, but it may fluctuate for an 
hour before that. 

At school the patient had to be restrained from climbing through a window, and 
another time, while travelling by train to see her young son at school, and delighted 
with the prospect of the day ahead, her husband saw her suddenly change and had 
forcibly to restrain her from jumping from the train. The electroencephalogram 
showed high voltage 7-a-second rhythms over both temporal lobes, but other studies 
were negative. 


Examples could be quoted of all degrees of depressive mood change 
between these two extremes of Cases 22 and 23. These two cases illustrate 
four points to be mentioned later, in Case 22 the association of two feelings, 
the mood of depression and the emotion of fear (apprehension), and in case 
23, rudiments of associated cognition, activity appropriate to the mood, 
and the long duration of the mood. 

In 5 of the patients the idea of suicide arose, and the suicidal com- 
pulsion was related to the intensity of the depression, as in non-ictal 
mood disorder. The patient in Case 24, who later committed suicide, 
had a particularly distressing prelude to her attacks. 


Case 24.—Intense Ictal Depression with Autoscope. 

A nurse, aged 40 (National Hospital 1574), had had fits since her schooldays. 
Physically she was normal and robust, psychologically competent, dynamic and 
assertive. Her drive contributed to the foundation of the British Epilepsy Association. 

Before her major convulsions she had an epigastric sensation—a sinking hollow 
feeling, and with this a feeling of futility, “Is it all worth while?’ This became more 
intense and was then accompanied by dissociation and autoscopy. She would feel as 
if she were standing behind her right shoulder and would then see herself from the 
back. The feeling of futility with misery would then, as a rule, culminate in a major 
convulsion, and it persisted for one to three days after the fit. The prodromal dis- 
turbance usually lasted an hour or so, but had continued for three days with fluctuations. 

The electroencephalogram showed a disturbance in the anterior half of the right 
temporal lobe which suggested organic cerebral disorder, but an airencephalogram 
was normal and decision was taken against craniotomy. 


Duration.—It is characteristic of ictal depression that it lasts longer 
than is usual with epileptic experiences. Patients did not often describe 
a duration of less than an hour, whilst persistence for three days, as in 
Case 24, was not unusual, and there were eight in whom it had lasted for 
longer than a day. When depression heralded a convulsion, it seemed to 
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persist after it, as in other more common instances of epilepsy. Two 
instances of momentary depression preceding convulsions, analogous to 
momentary ictal fear, were encountered in the 21 patients. 


The long duration of the depression caused by the epileptic event 
makes its distinction from other forms of mood disorder difficult. The 
characteristics which suggested epilepsy as its cause were, its sudden 
onset out of context, its stereotypy, its association with other recognized 
epileptic changes, its close temporal relationship to focal or general 
convulsions, and the accompanying electroencephalographic changes. 


The explanation offered for the relative persistence of ictal depression 
is that an ictal mood has the same qualities as a naturally occurring 
mood. Although the bodily changes and sensations accompanying the 
epileptic disturbances caricature the results of normal cerebral function, 
largely because they are fragmentary and improperly co-ordinated, they 
nevertheless have the same form as normal movements or sensations. A 
focal sensory attack can be localized to an area of skin and lasts for the 
duration of the epileptic stimulus. Epileptic kinesthetic events are 
recognized as movements of joints or limbs and cease with the attack. 
Epileptic visual hallucinations may have colour, form, movement, recog- 
nized shape, and are projected outside the body, and, if purely visual, into 
the normal field of vision. Thus ictal fear mimics natural fear, which 
anticipates the event and ceases with its occurrence, in commencing with 
the epileptic event and ceasing with it. Moods are inevitably prolonged; 
they may be evoked by a special circumstance, but they may continue 
long after that circumstance has stopped operating. A mood, by its 
very nature, is prolonged beyond the evoking stimulus, unlike a common 
or special sensation, and it usually persists for longer than an emotion. 
Thus a mood, depression, initiated by the epileptic disturbance in the 
cerebrum, continues after the disturbance has stopped, presumably through 
the operation of other related changes. 

This being so, it is now more interesting to consider the frequent 
occurrence of depression of rather a stereotyped form, lasting for a few 
hours or days after any epileptic attack, but especially after a major fit. 
It may be that this is the persistence of a cerebral event initiated by the 
ictus itself but outliving the epileptic stimulus, as is the nature of a mood. 
Instances were given earlier of patients in whom observed changes suggested 
the mechanisms of fear occurring in the ictal amnesia. In the present 
cases we are observing depression outliving the amnesic period. 

The associations of ictal depression Depression seemed to occur in a 
miscellany of epileptic attacks, for examples of sensory disturbances, 
visceral changes, déja vu, taste, auditory and visual hallucinations and 
other emotions were met. All the hallucinations encountered were formed 
ones, however. 
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Case 25.—Formed Auditory Hallucinations with Depression. 
A very stable robust man, 53 (personal case 2983), had stereotyped attacks, which 
responded to hydantoins, of this form. Suddenly he heard a buzz, then music like a 
loudspeaker in which he heard clearly a recognized section of Veni Creator and 
simultaneously he had a sense of “‘oppression, depression and pressure.” He had 
had these experiences for fifteen years with occasional major convulsions. 
Each attack lasted for a few seconds, the depression fading after a longer period of 
time up to an hour. 
No abnormality was found, and an electroencephalogram showed no disturbance. 


Case 26.—Formed Visual Hallucination with Depression. 

A single woman, 21 (National Hospital 44920), began at that age to have attacks 
in which things heard and seen seemed far away. There was then intense depression, 
a vision of large ecclesiastical candles followed by loss of consciousness. The mouth 
was then plucked with the left hand. The girl is a Roman Catholic and the fits began 
shortly after the funeral of a girl friend, the candles being a memory. She was seen 
a year after that event, when the attacks were still continuing. The electroencephalo- 
gram showed a right temporo-occipito-parietal disturbance with rhythms of 4-a- 
second. Other investigations, including airencephalography, were negative. 


The sensory and visceral changes experienced with ictal depression are 
similar to those described in earlier cases so that illustrations need not 
be given. Visceral sensations or activity occurred in half the cases. An 
example of the association of ictal fear with ictal depression is given in 
Case 22. 

Fear and déja vu were common associates of ictal depression, for 
they each occurred in about a third of the 21 cases. Fear was intense 
in some, and has been described in the earlier section. Déja vu was in 
some continuous with the depression, for example: 

Case 27.— Depression and Familiarity. 
A man, 32 (National Hospital 27614), in whom there was a left anterior temporal 


spike focus, had major convulsions and also attacks of depression with continuous 
familiarity as if he was “‘living his life backwards,” culminating in a convulsion. 


The association of depression with other emotions than fear was 
encountered in one case, which is worthy of comment because the emotion 
was pleasurable, the patient describing a sense of “fascination.” 


Case 28.—Depression with Pleasure. 

A man, 32 (Case 2154), with mild congenital hydrocephalus had epilepsy too. He 
also had attacks of this sort: There was an unpleasant taste, a dry sensation in the 
throat, involuntary swallowing and with it depression and a smothering sensation. 
At the same time there was a pleasurable fascination—a sense that “I want to go 
through with it.” 

There followed brief confusion in which the patient found himself “‘slightly absent- 
minded.”” Swallowing continued through the emotional disorder and the whole event 
lasted for 30 to 60 seconds. 


Localization.—Table II and fig. 2 show that there seems no grouping of 
lesions or electroencephalographic foci in patients with ictal depression. 
In a half the disturbance seemed diffuse, and though foci were mainly 
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below the fissure of Sylvius, they seemed to occur in random disorder 
in an antero-posterior plane. This is in striking contrast to the anterior 
t-smporal grouping of foci related to fear. 

The section on depression will close with a case which illustrates 
both how elaborate and how apparently psychogenic an epileptic depressive 
state may be. It must be remembered that though revealing, cases of this 
sort are rare: 

Case 29.—Recurring Intense Depression with Fear. 

A boy of 15 (Case 470), the only son of professional parents, was a very high-grade 
defective. His I.Q. (Wechsler) was 100, and with special coaching he just obtained 
school certificate. His home life was emotionally satisfactory his life a full and satisfy- 
ing one. Physically he was normal but his electroencephalogram showed 4-a-second 
discharges of an epileptic kind diffusely in both temporal lobes. 

Although usually he was an attractive, sociable and affectionate boy, with the usual 
interests of his age and class, he had three sorts of attacks—rare major convulsions, 
attacks of fear lasting an hour, and “‘bad times” lasting for one to two days. In the 
attacks of fear he would suddenly experience an “unnatural sense of fright about 
nothing,” which became a state of panic. During this time he was mildly confused, 
was unable to do his school work, and gave foolish inconsequential answers. 

In the “‘bad times” for about two days he would be found to be pale, “‘bad tempered, 
obstinate, argumentative and aggressive,” he would be mildly confused, put objects 
in the wrong places, give wrong answers and “‘didn’t seem to register.’ He always had 
total amnesia for these two days, but during them told of black depression and in 
them made a number of threats of suicide.. His parents would be dismayed to receive, 
out of context, a distressed letter, badly written, incorrectly constructed, telling of his 
hopeless depressed state and his wish for death. 

The period ended abruptly and memory returned. Unfortunately an electroencephalo- 
gram was never recorded in a “bad phase,” but although they had been occurring 
about one a month they responded very well to anti-convulsants as the only therapy. 


OTHER EMOTIONS 


Only 18 of the 165 patients had an emotional experience other 
than fear and depression as a component of the epileptic state. The 
relevant figures of incidence are seen in Tables I and II. Earlier in this 
paper it was stated that apart from fear and depression, all other emotions 
could be grouped as “pleasure” and “‘unpleasure.”” The actual description 
of the experience depended not only on the form of the emotion, but on 
the patient’s intelligence, his power of introspection, his vocabulary, 
and the context and accompaniments of the emotion. 

So many forms of emotional experience are possible in normal life, 
that descriptive psychologists have listed them by the dozen and divided 
them into primary, secondary and tertiary. Yet the experience of emotion 
in the epileptic state can, I think, be reduced to four—fear, depression, 
pleasure and unpleasure, aggression being excluded. To establish this 
point, which is a particularly important one, I will have to quote the 
patients’ descriptions. 

Occurrence.—Pleasure in some form was described by nine patients, and 
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unpleasure by an equal number. Although these figures are small, there 
seems about an equal chance of pleasure or its positive being evoked. They 
are met as an ictal experience in less than | per cent of patients with epilepsy. 

Location.—The occurrence of these opposites had no relation to laterality 
or to position within the hemisphere. Tables I and II show that in nearly 
every case where the patient described pleasure or unpleasure, the 
demonstrated lesion or epileptic focus was in the posterior and lower 
part of the hemisphere. All were in or near the temporal lobe and 
practically all posterior. Unlike the patients with ictal depression, 
though the total was similar, none in this group had diffuse electro- 
encephalographic disturbances. They were mostly fairly discrete foci 
around the posterior part of the Sylvian fissure. 


PLEASURE 


Pleasure was described as an ictal experience in the following terms: 
Elation (3 patients), pleasure (2 patients), satisfaction (2 patients) 
gladness, exhilaration, completeness, and a stirring sensation. 

The pattern of epileptic experiences with emotion as a component 
has been fully described in the previous sections, and can be accepted 
as being similar in this. Consequently, as the full notes are available 
through the case number, only an account of some of the actual pleasurable 
and unpleasurable ictal experiences will be given. 


Case 30.—Visual Memory and Pleasure. 

A representative, 31 (Case 2770), had major epilepsy induced by finding himself 
alone among strangers. Onset—a visual memory of his parents at home, the feeling 
“How marvellous to be back.’ It is described as a very pleasant memory. He gets 
gooseskin, goes hot and cold, and either the attack subsides or proceeds to a con- 
vulsion. 


Case 31.—Visual Hallucination and Pleasure. 

A teacher, 31 (Case 2365). A scene of a pleasant old woman with black hair, who 
seems to be remembered; depersonalization; an exhilarating pleasant strange feeling, 
with a sense that “I must get to the bottom of it”; a disturbance of breathing of an 
unremembered sort, and then a sense of relief. 


Case 32.—Visual Compulsion and Pleasure. 
An accountant, 37 (Case 2230). A compulsion to look to the left side, the eyes 

turn, “‘a mood of pleasure, a satisfaction about the moment.” Space seems to open up; 

and then short confusion in which he always says ‘““What time is it?” 

Case 33.—Visual Perceptual Change and Pleasure. 

A schoolboy, 15 (Case 2300). Major epilepsy and small attacks. Things go small and 
indistinct with “a very pleasant feeling—a sense of pleasure.’’ His parents say he says 
“Oh dear, oh dear,” looks to the right, raises his right arm, breathes deeply, purses 
lips, and behaves automatically. 

Case 34.— Visualizations and Pleasure. 

Electrical fitter, 35 (Case 1554). A sudden complex pleasant experience, “‘a pleasant 
emotion with the realization, half-knowing, half-seeing, that a man is doing a job 
properly, a satisfaction of trying to do something and doing it properly—a pleasant 
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sense of satisfaction, of completeness.” With this “In my mind’s eye though not 
actually seeing, a man standing among a collection of electrical machines in good 


5) 


working order.”” He thinks he has other visual experiences he cannot recall. At the 
same time there is a pleasant warm sinking feeling in the abdomen—a feeling of 
completeness and security. This ends in a major convulsion. 


Case 35.—Elation, Pleasure, and Thought. 

Housewife, 41 (Case 2434). There is a sudden feeling of being lifted up, of elation, 
with satisfaction, a most pleasant sense. With it there is the feeling, “I am just about 
to find out knowledge no one else shares—something to do with the line between life 
and death.”’ Her heart pounds, and she is seen to be pale and trembling. This train 
of events sometimes leads to a major fit. 

Case 36.—Pleasure Pervading Everything, Experienced in Vision, Temperature, Taste, 
Common Sensation and Emotion. 

V. F., a Polish Intellectual, 32, St. George’s Hospital. Late epilepsy due to left 
cortical atrophy with ventricular dilatation. The sudden onset of a pleasant epigastric 
sensation and “I have a sudden feeling of extreme well-being involving all my senses. 
I see a curtain of beautiful colours before my eyes and experience a pleasant but in- 
describable taste in my mouth. Objects feel pleasantly warm. The room assumes vast 
proportions and I feel as if in another world.” This would lead to a fit. 


This last case presents ictal pleasure in its purest form. It illustrates 
well how the emotion of pleasure must have material substance for its 
recognition. Although the patient had visual and gustatory hallucinations 
and although there were proprioceptive and exteroceptive illusions, 
they were all charged with the pervading quality of pleasure. Pleasant 
organic hallucinations are uncommon, and when they are encountered 
they usually constitute part of Jackson’s dreamy state, as in this case. 
They are probably the result of rudimentary cerebral integration upon 
the underlying ictal emotional state and are not organic hallucinations 
in the more restricted sense. 

It will be noticed that 6 of the 7 cases with pleasurable ictal experiences 
mentioned above had visual experiences and these ranged from dis- 
turbances of percept, visual compulsions, and frank hallucinations 
to inclusion of vision in the state of pleasure. It may be that as a posteriorly 
placed origin of the cause of the attack could be recognized in most of 
the cases, some form of visual disturbance was also likely to occur. 
There seems no reason a priori for linking vision specifically to pleasure, 
since most of the primitive pleasurable experiences are in fact not visual. 

A further fact that emerges is that all the patients who experienced 
ictal pleasure had visceral sensations—whether abdominal, respiratory, 
cardiac or vasomotor—suggesting as has been argued earlier a spread 
of the epileptic discharge to the fronto-temporal regions (see above). 
Perhaps therefore the occurrence of ictal pleasure requires the involvement 
of the whole hemisphere from behind forwards; this is unlikely, however, 
for ictal pleasure is too uncommon to allow of such a simple explanation. 
It would be better simply to state that it arises particularly when lesions 
are in the parieto-occipito-temporal region, and it is related to visualization. 
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Once again it should be noted that cognition if it occurs is both rudi- 
mentary and is secondary to the ictal percept. 


UNPLEASURE 


Most remembered epileptic experiences are unpleasant—the twitch or 
the tingling of a limb by their very unusual and uncontrollable character, 
but there the sense of unpleasantness arises as a result of the epileptic 
experience, it is secondary and extra-ictal. Epileptic smells and tastes are 
usually unpleasant, sounds and sights less often so. Here the unpleasant- 
ness is a quality of the ictal hallucination, but as ictal smell and taste are 
composite primitive sensations—it is “‘white’” smell and “white” taste, 
just as white light is seen as the most rudimentary visual hallucination— 
they may well be experienced as unpleasant. Here we are concerned 
with the ictal emotion as a primary event, and this is, as we have seen, 
uncommon. 

Ictal unpleasure is uncommon. It was described in this series as 
“unpleasant,” “ill being,’ “distress of mind’ and “a horrid feeling.” 
Examples are: 

Case 37.—Visual and Auditory Hallucination, Unpleasure. 

A doctor, 38 (Case 1868). A recognized but unremembered picture which is un- 
pleasant, a rushing noise, giddiness and a sense of falling, a most unpleasant feeling 
and then unconsciousness. 

Case 38.—Visual Hallucination, Unpleasure. 

A student, 21 (National Hospital 34836). An unpleasant epigastric feeling, a vision 
in black and white of schooldays, an unpleasant emotion which she tries to fight off, 
chewing movements, and then unconsciousness. 

Case 39.—Unpleasure, Visceral Activity. 

A countryman, 35 (Case 2819). A complex unpleasant indescribable emotion, 
aphasia and noisy borborygmi, going on occasionally to a fit. 
Case 40.—Unpleasure, Fury, Elation. 

Businessman, 37 (Case 2387). “I feel most uncomfortable. I want to get away. I 
feel furious and have an unpleasant abdominal sensation, then a sense of terrific 
release, of elation.”” During this time the patient looks vacant, but he may proceed 
to a major fit. The attacks which are aggravated by anxiety occur in a man with 
pathological tempers. 

Case 41.—Unpleasure. 

Schoolgirl, 18 (Case 1828)—mild left hemiplegia. A very brief unpleasant throat 
sensation, a queer unpleasant feeling in the body, and an unpleasant emotional state 
without fear, which may lead to a major fit. 

Case 42.—Sonogenic and Photogenic Unpleasure. 

A man, 50 (Case 1978), has attacks induced by noises of machines, of groups talking 
and by flickering lights. There is an uncomfortable but indescribable feeling inside, 
a sense of faintness which he feels others must experience too, and with it a sense of 
“ill being.”” These attacks are stereotyped and frequent. 

Case 43.—Horror with Autoscopy. 


A woman doctor, 40 (Case 2899), had traumatic epilepsy. She had been knocked 
down from the right by a lorry, with severe head injuries and amnesia for the accident. 
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She had attacks in which she saw the upper half of a woman leaning to the left. It 
tilted more and more then there was a sickening thud, which seemed to come from 
the hallucination. Then the hallucination, which the doctor always knew was herself, 
disintegrated and with this the patient had an emotion of the deepest horror. Sometimes 
a major fit ensued. This case is presented with reserve, because most cases of epileptic 
autoscopy include horror and the horror may well be secondary to the ictal experience. 


These examples need no comment except to emphasize once again the 
occurrence of visceral sensations with emotion. They are less dramatic 
than earlier cases, but this is probably because, as we know, the epileptic 
experience usually being unpleasant, it is difficult to recognize an emotion 
of unpleasure if it is present, as an hallucination of emotion. 

All other emotions.—All the relevant descriptions of emotions given by 
patients have been given individually or represented by examples. Unless 
fury, occurring in an unpleasant ictal emotional state in a pathological 
aggressive should be considered separately, no other emotion was recog- 
nized as arising as part of the epileptic attack. I have had to conclude that 
the emotions which arise as a result of cerebral discharges, emotions which 
are therefore occurring as hallucinations imposed on the patient, with no 
regard to external or internal environment changes, can be grouped under 
the four headings: 

Fear; Depression; Pleasure; Unpleasure. 


DISCUSSION 


The nature of epileptic experiences.—The precautions taken to exclude 
any other than ictal feelings from the present survey have been described 
and were necessarily rigid. In consequence the results of the survey 
can be considered, accepting that although the whole environment 
of a recalled epileptic experience may be emotionally changed, the 
emotions here described were the direct result of a local epileptic event. 
They had the same relationship to that event as more usually accepted 
epileptic experiences such as the twitching of a limb, tingling, numbness, 
visual, or auditory hallucinations. For the moment we may use the word 
emotions generally to include all the feelings described, though strictly 
fear is an emotion, depression a mood, and pleasure a feeling tone. It 
has been argued elsewhere (Williams, 1954) that these elaborate feelings 
though different from common sensations, whether somatic or visceral, and 
from special sensations, are in fact in the physiological sense sensations, 
as Cannon (1927) and others thought. Unlike common sensations, emo- 
tions are not localized, and unlike special sensations they outlive the 
duration of the stimulus. Nevertheless they are felt by the organism, are 
accompanied by physical changes and evoke physical responses from the 
whole organism. 

By popular usage an hallucination, which is a percept without a stimulus, 
may be organic or psychotic. An organic hallucination occurs when through 
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brain disease the patient has a percept without stimulus, into the nature 
of which he usually has insight. Local disturbance of the brain has evoked 
a perceptual response, often elaborate as in the formed, animate, coloured 
visual hallucinations of Jackson’s “dreamy state.”” The word hallucination 
has a changing meaning, for though it is of recent origin, from al/ucinari 
(to wander in the mind), it is now limited to a perceptual disturbance. 
But percepts may arise within the body—be proprioceptive as well as 
exteroceptive, and there can be no fundamental difference between 
sensations felt in a limb or through the eye as a result of a local epileptic 
discharge. Neither is there any major difference between a visceral 
sensation and a skin sensation similarly evoked, for the physiological 
changes in the cerebrum responsible for both are similar. They can 
all be considered organic hallucinations, caused by the epileptic discharge. 
Although the feelings called fear, depression or pleasure arising in the 
attack have no local reference, in other regards they are similar, and 
for physiological purposes can be considered to be organic hallucinations 
caused by the epileptic discharge. This point is not simply a semantic 
one, it is a statement that emotions can be considered by neurologists 
and physiologists in the same way as other feelings—they have evocative 
stimuli, perceived through afferent pathways, a central mechanism and 
appropriate motor responses. 

Although the local epileptic event may not be caused by the iocal electri- 
cal discharge that accompanies it, it is very closely related to it, and can 
be mimicked in man at operation by electrical stimulation at the point 
of abnormal electrical discharge. It is reproducible at the site and is a 
direct reflection of the epileptic “discharge,” a concept accepted for the 
motor cortex since Jackson’s time. Although the epileptic experience 
results from an abnormal cerebral discharge, it does not accurately 
reflect the functional activity of the responsible area of cortex in normal 
health, but it is at least as truly a fraction of that functional activity 
as that seen with experimental stimulation of the cortex, and it has long 
been accepted as a basis for study of one aspect of cortical function. 

The march of events in an epileptic attack, decided by the course 
of the discharge over or through the hemisphere, shows the spatial 
relationship of events occurring in the cortex at that time, so that the 
spread of movement from thumb to index finger, hand, face, lips and 
tongue has now an established meaning, and we say the “hand area” 
and “face area’ are contiguous—a statement reliable for the last cell 
station in the cortex serving movement. A chain of events such as that 
in Case 15 in which a formed visual hallucination was followed by an 
unformed auditory hallucination, an hallucination of fear and then 
visceral activity, must have a similar meaning, and those events show 
that the cortex concerned in the feeling of fear lies somewhere between 
the auditory and viscero-motor cortex. This particular march seemed to 
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have followed the line of the Sylvian fissure from parieto-occipital to 
mid-upper temporal forwards to the fronto-temporal (limbic) region. 


The cortical mechanisms serving emotional experience.—Experimental 
study of emotional behaviour in animals had of necessity to assume the 
appropriate feeling tone in the animal, and we have no knowledge at all 
of the effect of cerebral lesions in the experience of emotion. Lindsey 
(1951) said of these experiments, ‘‘Until the phenomena of consciousness 
are identified objectively the scientific study of emotion will have to be 
confined to emotional behaviour broadly interpreted to include all 
measurable organic change.” Largely as a consequence of this difficulty 
presumably, animal experiment was for long concerned with study of the 
visceral components of the assumed emotion, as epitomized in Cannon’s 
and Kliiver’s work. Papez (1937) implicated the hypocampus and fornix 
in the motor mechanisms of fear, while Kliiver and Bucy (1939) found the 
behavioural accompaniments of emotion to be reduced in monkeys with 
bilateral removal of the temporal lobes. They found that situations 
which would have produced evident emotional reactions in the animal did 
not do so after the bilateral lobotomy. Lashley (1938) had cast doubt 
on the thalamic theory of emotions advanced by Cannon (1931) for he 
pointed out that it was unlikely that the thalamus alone could determine 
patterns of emotional expression and also subserve the range of affective 
states experienced by man. There was of course the inference from 
Bard’s work (1928) that as “sham rage” resulted from separation of the 
hemispheres from higher brain stem, the cerebrum and perhaps its cortex 
was concerned in the control of emotional expression. In interpreting 
all the animal experiments, however, there had to be the assumption that 
the behavioural changes in fact accompanied an affective state similar 
to that felt by a man behaving in the same way—reactions were studied, 
not feelings. 


Evidence in man that emotions can arise as a result of cortical dis- 
turbances has been accumulating in the past few years as a result of 
cortical exploration and stimulation in conscious patients (Penfield 
and Jasper, Chap. 11, 1954). In a lecture published in 1879, Jackson 
described the association of the appearances and the feelings of fear 
with an epigastric epileptic aura, and he argued that the emotions was 
part of the attack, not secondary to it. Reference has been made to 
Macrae’s account (1954) of seven instances of epileptic fear arising 
with organic lesions of the medial surface of the temporal lobe. Maclean 
(1952) who has demonstrated emotional expression, particularly anger, on 
stimulation of the hippocampus of monkeys, also described “raw, poorly 
differentiated and impersonalized feelings” as part of the epigastric 
aura. One patient had a feeling of sadness, another of fright and a 
third of wanting somebody near him. Penfield and Jasper (1954) give 
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a particularly detailed account of the experiences of their three patients 
who felt fear on stimulation of the anterior temporal lobe. 

Here it is pertinent to draw attention to the results of stimulation 
of the so-called limbic system in monkeys. The subject is reviewed by 
Maclean (1954) who has emphasized in a series of reports that these 
structures on the inner aspect of the temporal lobe, enveloping the 
brain stem, are concerned in the visceral activity comprising part of 
the emotional pattern. In 1949 he suggested afferent connexions with 
all the interoceptive and exteroceptive systems, to subserve this function, 
but he concludes a review of his work thus, “In conclusion, it might 
be noted that animal experimentation can contribute next to nothing 
about the ‘subjective’ functions of the hippocampal formation. The 
animal cannot communicate how he feels.” What this system or the 
rest of the hemispheres have to do with emotion, mood, or feeling tone 
is reflected only in the clinical comments I have quoted earlier. 

The Nature of Emotions.—After the earlier descriptions of many different 
emotions (e.g. McDougall, 1923), there was a reversion to a more simple 
notion, that all emotions were compounded of a limited number of simple 
ones, modified by feeling tone, based on mood, and directed by cognition. 
Although there is not now agreement with all his deductions from obser- 
vations in infants, Watson (1924) established this point. Sherman (1927) 
showed by experiments with graduate students that the behavioural 
accompaniments of emotions were susceptible of several interpretations 
by different observers—a criticism which may also be levelled at more 
recent animal experiment. Bridges (1931) in describing the emotional 
development in early infancy showed the emergence from a neonatal state 
of excitement, of distress, of delight, and later of fear, evidences of 
disgust and anger. There was a differentiation of the primitive state 
of distress with the components fear, disgust and anger. It is fascinating 
that study of the ontogeny of emotions should have led to conclusions 
(based on observation of activity only) so similar to the results of analysis 
of the emotions and feelings caused by cerebral excitation in the present 
study. It seems that the only feelings evoked by this excitation are the 
unpleasant ones of fear, depression, and unpleasure, undifferentiated 
pleasure and the affect associated with aggression—anger. 

Just as the whole dynamic body schema is built up from conceptual 
integration of tactile sensation, joint movement and proprioception, 
and the idea of the self from cognitive integration of this with exterocep- 
tion, so an infinitely complex pattern of feelings can be built from 
differing intensities, durations and combinations of a few emotions, 
modified by mood, by pleasant or unpleasant feeling tone and directed 
by cognition. 

In the epileptic experiences described earlier there are many degrees 
of pleasant and unpleasant feeling tone and of depression. Epileptic 
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fear, analogous in its evocation and unitary nature with the tingling 
of a limb, a flashing light, or a buzz as an epileptic event, ranged from 
momentary apprehension to stark terror, the identity in quality of the 
least degree of fear and the greatest being obscured by language; it 
appeared with or without visceral accompaniments or socially directed 
behaviour, with or without a subject, with or without perceptual accom- 
paniments or secondary cognition. Here in epilepsy are seen the units 
from which every fear state is built, whether it is called apprehension, 
anxiety, fear, or terror, whether “floating” or attached to a subject. 
So far the temporal component in conceptual integration has only been 
mentioned. In these cases the quality of fear was modified by the presence 
of a temporal illusion of differing remoteness, so that it was linked to a 
sense of the present, the immediate future or the more remote—its 
anticipatory quality established the difference between “‘fear’’ and “‘appre- 
hension”’ for instance. 

That fear can occur in epilepsy in association with different feeling 
tones and moods has been shown, and the implications of this are clear. 
The odd case (Case 12) where fear and pleasure were intimately mixed is 
instructive, for it points to the emotional anatomy of some complex 
feelings—the ‘“‘sweet agonies,” for to be thrilled is compounded of 
fear and pleasure, for instance. This field is, however, one for the 
psychologist and I do not wish to develop it beyond its statement. 

There remains anger, which has been kept apart for separate study 
in a survey of epileptic aggression. There is conflict among psychologists 
on the nature of anger and its relationship to defence, aggression. 
(McKellar, 1949 and 1950), and its frustration (Meltzer, 1933) and anger 
differs somewhat in being closely identified with its behavioural accompani- 
ments. Certainly although anger may have been encountered in 18 of the 
present series of cases, it was recognized as aggressive activity, and in 
only one instance did it occur alone as a feeling, and that in an aggressive 
psychopath. In contrast, fear was associated with visceral activity in 
half of the cases. Without therefore excluding anger from the basic 
states of feeling, it will have separate consideration later. 

Emotional activity—Cannon (1931) built up the thalamic theory of 
emotion on his observations of the absence of specificity of visceral activity 
in emotional states, as judged by animal experiment. The same changes 
were observed in varying degree whatever the evocation. He wrote, 
“the peculiar quality of an emotion is added to simple sensation when 
the thalamic processes are aroused.”’ The case abstracts given in the 
section on “fear” above, show that almost any visceral activity may 
accompany this emotion in the epileptic state—although visceral dis- 
turbances often occur with ictal fear they have no predictable patterns. 
Alimentary and cardiovascular changes are the most common, but 
every one of the bodily changes occurring with emotional change des- 
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cribed by Lindsley (1951) have been encountered in the attacks of these 
patients, excepting recorded temperature change. This present study 
is not primarily concerned with visceral activity in epileptic attacks, 
which has recently been reviewed by Penfield (in chap. 10, Penfield and 
Jasper, 1954), who describes alimentary activity on stimulating the insula 
in man and records many examples of “autonomic aurae” of attacks 
originating near or deep to the Sylvian point. 

The evidences of changes in visceral activity resulting from stimula- 
tion or destruction of the hippocampal area and the contiguous cortex 
referred to as the “limbic system” have .been reviewed by Maclean 
(1952 and 1954) and indeed the fronto-temporal portion of the limbic 
system is referred to as the “visceral brain.” Little is yet known about 
the activity of the “limbic system” in man, but analogy with lower animals 
is more reasonable than it would be for the rest of the hemispheres, 
since this hippocampal mechanism is phylogenetically old, and its 
structure and responses relatively stable in different species. It is logically 
more accurate to refer to “visceral changes” than “‘autonomic changes” 
and the fact that cortical activity is mediated through the autonomic 
rather than the somatic system is inconsequential; it would be unfortunate 
if the idea were to gain ground that the autonomic system has “‘represent- 
ation” or “centres” in this part of the cerebral cortex. The term “visceral 
brain” or “‘visceral area”’ seems accurate, and parallel to “motor area” 
and “‘sensory area,” if used in the generally accepted sense. 

The fore part of the temporal lobe has dominated the results of the 
present work, vhether emotion or visceral activity was being described. 
Ubiquitous visccral activity is associated with fear and other emotions 
in health, and is often described when emotions arise in epilepsy. Surely 
then we are here studying the activity of the “feeling brain” or “affective 
brain” which hes its sensory and motor components, intimately related 
in function, as the older psychologists argued, and in structure. The 
contiguity of the emotional-motor areas with the emotional-sensory 
of the tempcral has an exact analogy with the somatic-motor and somatic- 
sensory areas of the parietal lobe. It would therefore be wise to consider 
the fronto-temporal cortex in this way, as the emotional brain. The 
anterior parts of the hemispheres have mainly executive-integrative 
function and the posterior, receptive-integrative, while their upper parts 
have mainly skeletal-somatic and the lower visceral-emotional functions. 

Relation of cognition to emotion.—Reference to the case histories shows 
that if cognition is related to ictal emotions, it is of a rudimentary kind and 
is secondary to them. No convincing example of primary and isolated 
“compulsive thought” as an ictal event has been found in the series. If 
thought does occur, careful questioning shows that it is related to other 
ictal experiences, as in Cases 1, 2, 24 and 35. Usually too, if hallucinations 
occur they are patterned by the emotion or feeling tone (Case 36). The 
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emotion or feeling is itself usually without a subject, and is a brief “‘float- 
ing” affect, unattached. Normally, however, emotion has a subject and 
preceding cognition, its very quality being determined by the content 
of the cognition. Tolman (1932) considered that emotion resulted from 
five inter-related states: a feeling tone of pleasantness or unpleasantness; 
an assertion as to a “relative specific character in the promised good 
or the threatened bad”; assertion of the means-end relationship; 
incipient movements and visceral activities; and finally the resulting 
kinesthetic and organic sensations. In these epileptic emotions we 
have encountered alone or together: feeling tone of pleasantness or 
unpleasantness; movements and visceral activity; kinesthetic and organic 
sensations; but we have not been able to recognize any directed cognition. 
In view of the importance of cognition in determining the affective 
quality of any emotional experience this absence is the more striking 
but its explanation probably lies in the nature of the ictal event. This 
crude event evokes a local cerebral response as movement, sensation 
or feeling, but being local, crude, and abnormal (“‘unphysiological’’) 
it does not usually initiate cerebral integrative activity, or if it does, 
it does so in a crude and fragmentary way. In the epileptic attack the 
units to be organized may be seen but not the organization, and cognition 
being an integrative event, cannot be evoked. This may be why the 
feelings experienced in epilepsy are so stereotyped and limited, while the 
range of normal emotions, moods and feelings is so wide. If this is 
accepted it leads to the conclusion that in these elaborate epilepsies we 
are seeing the units from which all human feelings are constructed, but 
we do not see the integrative structure upon which they are built. The 
units we have are the emotions fear, ‘“‘anger-aggression,” the mood 
depression, and the feeling tones pleasure—unpleasure, which vary in 
intensity and duration, are modified by the evoking subject, and further 
elaborated by temporal perception and secondary cognition. Thus, as 
an example, the state of jealousy, which was not encountered as an ictal 
emotion, is an unpleasant feeling tone with anxiety (mild prolonged 
fear), that the subject may be (temporal) more fortunate than I (cognition). 

It is the prime function of the brain that it is able to create so much 
with such simple units. An elaborate and flexible visual imagery is 
based on the function of a rigid receptor organ, the eye; social behaviour 
is all created from a flexor-extensor relationship. In the affective-emotional 
sphere all experience results from the integration of equally frugal material. 
As Hughlings Jackson wrote “the psychical, like the physical, processes 
of the nervous system can only be functions of complex combinations of 
motor and sensory nerves.” 

SUMMARY 

(1) Patients who have elaborate epileptic experiences have been studied 

by personal interrogation and investigation. A hundred who had an 
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emotional experience as part of the attack form the basis of this paper. 
The material is used in considering the physiology of the emotions. 

(2) 61 experienced fear, 21 depression, 9 a pleasant, and 9 an unpleasant 
feeling tone. Patients who showed aggression were not included but 
will be described later. 

(3) Fear was experienced when the epileptic discharge involved the 
anterior half of either temporal lobe. It occurred when the disturbance 
was in the outer as well as the other surfaces of the lobe and was found 
in 70 per cent of 50 patients with anterior temporal foci. When depression 
was felt, lesions were diffusely distributed in the temporal part of the brain. 
Pleasure and its opposite, unpleasure, were principally associated with 
posterior temporal lesions. When lesions or foci are above the fissure of 
Sylvius, ictal emotions are unlikely to arise. 

(4) No other ictal emotions than fear, depression, pleasure and un- 
pleasure have been described in over 2,000 epileptic patients studied 
personally, apart from one aggressive who described anger. 

(5) The occurrence of each ictal emotion or feeling tone has been related 
to other events occurring in the attack and where possible the emotion 
has been considered as part of the Jacksonian march of the attack. These 
feelings are considered to be organic hallucinations. Ictal fear seems 
“unnatural” because it has no provoking subject. It may pattern other 
experiences in the attack, and in half the cases is accompanied by visceral 
sensations or movements. It may provoke purposive social activity, and 
fearlike behaviour may take place in an amnesic period. It varies greatly 
in intensity. 

(6) Other ictal emotions and feeling tones have similar attributes, 
but ictal depression tends to be prolonged, probably as a mood. 

(7) The limitation of epileptic emotions to these four feelings, fear, 
depression, pleasure and unpleasure is thought to be important in con- 
sidering the cerebral basis of emotional feeling and expression. The 
results of this study have been related to those of other studies of emotions 


in animals and man, in children and in adults, and consistencies of 


observation have been noted. They suggest a cerebral basis for the arousal 
and integration of emotional motor and sensory components, parallel 
with somatic motor and sensory mechanisms. Elucidation of the cerebral 
physiology of emotions in man has topical importance because of the 
expansion of empirical physical methods of treatment in psychiatry, 
and because the interpretation of the results of related animal experiments 
must be partly inferential. 


I acknowledge the heip of my colleagues—medical, surgical and psychological, 
and also a grant towards expenses from St. George’s Hospital. 
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UNILATERAL “SPATIAL AGNOSIA” (“INATTENTION’’) 
IN PATIENTS WITH CEREBRAL LESIONS! 
BY 
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AND ROBERT L. KAHN 


Department of Neurology, The Mount Sinai Hospital, New York City 


VARIOUS types of “‘spatial’’ functions have been assigned to the parietal 
lobes of man on the sole basis of clinico-pathological correlation. Diffi- 
culties in general constructional ability (“‘planotopokinesis”’), in finding 
one’s way about in a familiar environment (“‘topagnosia”’), and in respond- 
ing to stimuli in one lateral half of space (unilateral “spatial agnosia’’) 
have collectively been termed “spatial” deficits characteristic of parietal 
lesion. For an excellent summary one should consult Critchley’s book 
(1953). In addition to the foregoing, more subtle deficits in “‘spatial”’ 
perception, such as defective tactile object identification (“‘astereognosis’’), 
and denial of hemiplegia or other unilateral impairment (“‘anosognosia’’) 
have also been claimed to result from parietal damage, usually from a 
lesion in a hypothetical “‘body image centre”’ (Schilder, 1935; Nielsen and 
Sult, 1939; Roth, 1949). Even slight difficulties in “route finding tasks” 
(mazes) have been called “‘spatial’’ defects and attributed to lesions of the 
parietal lobe (Semmes, Weinstein, Ghent, and Teuber, 1955). 

Marked somato-sensory defects have been a common finding in patients 
with the above “‘spatial” deficits ; an observation which led Denny-Brown 
to postulate that the parietal lobe “‘summates” or “‘synthesizes” the 
spatial dimensions of stimuli into formed perception (the ‘‘morpho- 
synthesis” of Denny-Brown, Meyer and Horenstein, 1952). According to 
this point of view, parietal lesions decrease the possibility of stimulus 
“summation” (“‘amorphosynthesis”), and in turn result in various alter- 
ations in “spatial” perception (Denny-Brown and Banker, 1954). A 
slightly different interpretation has been more cautiously advanced by 
Critchley (1951). This investigator feels that the typical feature of parietal 
damage is a unilateral “‘neglect” or “inattention” to stimuli, which, at 
least in part, is due to the loss of normal afferent activity. 


1 This investigation was carried out as part of a larger research project under Grant 
No. B-174 S.D. with the United States Public Health Service. 
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Both Denny-Brown and, to a lesser extent, Critchley, have emphasized 
the importance of sensory defects in producing the symptoms of “‘spatial”’ 
deficit. With one exception, the possible significance of the marked mental 
alterations so characteristic of these cases has not been adequately 
evaluated. In their studies on anosognosia, Weinstein and Kahn (1950, 
1952) have stressed the adaptive value of mental changes, particularly 
disorientation for time, place, or person, in patients with marked functional 
impairment due to cerebral disease. According to their data, neither 
‘“anosognosia”’ nor ““hemi-asomatognosia”’ can be explained in terms of a 
lesion in a postulated “‘body image centre”’ of the parietal lobe, since both 
of these “spatial” deficits also occurred in cases with lesions in other parts 
of the brain. 

Of all the “spatial” deficits outlined above, probably none is more 
dramatic or has received more theoretical discussion, than the condition of 
unilateral “‘spatial agnosia” or hemi-spatial “inattention.” Initially de- 
scribed by Holmes (1919) and discussed in detail by Brain (1941), this syn- 
drome consists of a neglect of, or inattention to, one-half of extra-personal 
space. Patients with this disorder omit material on one side in reading 
or drawing (Patersonand Zangwill, 1944, 1945; McFie, Piercy and Zangwill, 
1950), and may even manifest unilateral asymmetries of response when 
eating or dressing themselves (Hécaen and de Ajuriaguerra, 1942, 1951; 
Denny-Brown and Banker, 1954). In recent years complex perceptual and 
constructional tasks have been shown to be exceptionally well suited for 
demonstrating this syndrome, particularly in cases where it is not detect- 
able in gross behaviour. In a relatively small number of cases, Paterson, 
Zangwill and co-workers have found that unilateral deficits in responding 
to “spatial” stimuli occurred primarily after lesions of the parieto-occipital 
area, usually of the non-dominant hemisphere. On the basis of these 
results, it has been suggested that the right parietal lobe has some 

. . . special function in relation to visuo-spatial cognition” (McFie, 
Piercy and Zangwill, 1950, p. 188). 


PROBLEM 


In view of the frank sensory and mental defects which have almost 
universally been described in patients with “‘spatial’’ disorders, it would 
seem hazardous to classify these disorders as agnosias or “associational” 
defects. This is particularly true if it be recalled that the demonstration of 
a so-called “‘primary”’ sensory deficit often depends solely upon the method 
of examination (Battersby, 1951 ; Bender and Teuber, 1949 ; Bender, 1952). 
In addition, there is recent experimental evidence in both man (Battersby, 
Krieger and Bender, 1953; Bay, 1953) and monkey (Chow and Hutt, 1953) 
which casts doubt upon the classical concept of “associative” function 
(Duke-Elder, 1949). Aside from reservations concerning an “associative” 
defect, the specificity of “‘spatial’’ disorders for parietal lesion has not been 
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established, since location of lesion has frequently been inferred from the 
neurological status rather than demonstrated anatomically. The present 
study attempted to determine the relative importance of location of cere- 
bral lesion and neurological defect for the occurrence of the phenomenon 
of unilateral “spatial agnosia.” 


METHODS AND MATERIALS 


Cases Studied: A total of 164 patients from the Neurological and 
Neurosurgical Services of the Mount Sinai Hospital were examined.' As 
a control group, there were 42 patients who had neurological involvement 
limited to the spinal cord or posterior fossa. The remaining 122 patients 
formed the experimental group and consisted of 85 patients with space- 
occupying lesions of the cerebral hemispheres and 37 patients with non- 
localizable cerebral lesions. On the basis of radiographic evidence (angio- 
graphy, pneumoencephalography or ventriculography), and surgeons’ 
notes at craniotomy, the 85 patients with space-occupying lesions were 
sub-grouped as follows: Group F—Lesions limited to the frontal lobes; 
Group FP—involvement of the fronto-parietal areas; Group PO—lesions 
of the parietal and superior occipital areas ; and Group TO—temporal and 
inferior occipital lesions. In order to evaluate the importance of neuro- 
logical status, the total group of experimental patients (both with and 
without space-occupying lesions), were also classified according to the 
presence or absence of somato-sensory, motor, phasic, mental and homony- 
mous visual defects. 


Procedures: 

(A) Neurological status —The extent of the visual field was tested on 
confrontation for form and colour identification (single and double 
simultaneous stimulation) and by perimetry where possible. Snellen visual 
acuity and excursion of the eyes on command and pursuit were also tested. 
Somato-sensory examinations included touch localization (single and 
double simultaneous stimulation), two-point thresholds, tests of position 
sense and stereognosis, and adaptation time to pin-prick. The degree of 
motor function was established for gait and attitude, for power, and for the 
performance of skilled movements. Mental status was evaluated in terms 
of the orientation for time, place, and person. Particular significance was 
attached to errors in naming or locating the hospital, to the occurrence of 
confabulated journeys, and to false convictions that the patient had known 
the examiners prior to hospitalization. Notes were also kept of tendencies 
to deny or minimize illness, especially of visual defect. The ability to 
communicate verbally was tested in terms of the naming of common 


1 We are indebted to the staff of the Neurosurgical Service under the direction of 
L. M. Davidoff, M.D., for their active assistance and co-operation during the course 
of this investigation. 
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objects, of part-whole relationships and the ability to follow simple and 
complex commands. 

(B) Tests of unilateral spatial deficit—Numerous procedures were 
employed to test for unilateral “‘spatial agnosia.”’” The degree to which any 
particular patient was examined depended, however, upon the clinical 
course. Most of these testing procedures were designed to yield a quanti- 
tative estimate of responsiveness to stimuli in the left and right halves of 
space (in terms of errors, time, number of details, etc.). This quantification 
added little to the qualitative phenomena seen in most cases and hence it 
was possible to classify a patient as “‘positive’’ when he consistently showed 
a left-right asymmetry of response on at least two of the testing procedures. 
Examples of such “‘positive” cases are given below for most of the tests 
that were used. 

RESULTS 
(A) Examples of Unilateral Spatial Deficit 

(1) ‘‘Figure-ground”’ discriminations.—On these procedures the patient 
was required to pick a figure from a distracting or confusing background, 
either by tracing over the figure with a pencil, or by naming the hidden 
number or object. Errors or omissions on one side were taken as an 
indication of an asymmetric responsiveness to spatial stimuli. The 
American Optical Company’s isochromatic plates (A—O plates), and a 
modified version of Gottschaldt’s hidden figures were used. Fig. 1 presents 
six examples of positive results on the latter test. 

(2) Constructional tasks —The Kohs’ blocks, manikin and picture 
arrangement sections of the Wechsler-Bellevue performance scale were 
used. Gross errors or omissions on one side only were taken as an 
indication of unilateral spatial deficit. 

(3) Drawings.—Patients were asked to draw from memory (although on 
rare occasions specimen figures were used), a daisy, a tree, a house, and a 
human figure. Some examples of obvious inequities in dealing with the 
left and right spatial dimensions are given in fig. 2. 

(4) Geographical location.—The patient was asked to locate ten promi- 
nent geographical areas (New York City, Florida, California, Texas, 
Atlantic Ocean, etc.) on a stencilled outline map of the United States. 
Definite tendencies to displace or omit locations on one side were noted 
as an index of spatial asymmetry. Fig. 3 shows two examples of such a 
deficit on this procedure. 

(5) Geometrical figures—In this test the patient was shown ten cards 
containing geometrical designs drawn in black ink. After presentation of 
each card for 10 seconds he was asked to draw from memory the geo- 
metrical design that he had seen on the card. He was then shown each of 
the cards again for an indefinite period and asked to copy the design while 
looking at the card. Omissions or distortions on one side of the figures 
were taken as an indication of a selective unilateral deficit in spatial per- 
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GOTTSCHALDT FIGURES 
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Fic. 1.—Six examples of spatial “inattention” on the Gottschaldt figures (figure- 
ground discrimination); two for each of three separate cases as indicated. The top 
stimulus figure in each instance had to be found in the tottom background by tracing 
(wavy lines). 


ception. Examples of positive results for both recall and copying condi- 
tions are given in fig. 4. 

(6) Meaningful pictures.—Five pictures were so chosen from coloured 
magazine illustrations as to be left-right symmetrical about their median 
plane. These pictures were presented to the patient one at a time for a 
10-second inspection period. After each presentation he was required to 
name and roughly indicate the relative position of all the details which he 
could recall. All five cards were again shown to the patient, and while 
holding the picture in his hand, he was asked to describe all the details he 
could see. The omission, faulty recall (or description) of numerous details 
on one side only was taken as an index of asymmetric spatial perception. 
An example of deficient performance on this test by one patient is given 
in fig. 5 for both recall and description conditions. 
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Fic. 2.—Specimens of drawings from three cases with unilateral spatial deficit. The 
sample drawing at the upper left was provided by the examiner only for Case No. 8932, 
the other drawings were made without sample. 
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Fic. 3.—Two illustrations of asymmetric spatial perception on the geographical 
localization test. Arrowheads indicate the areas picked by the patients in locating the 
landmarks mentioned by the examiner. 
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Fic. 4.—Recall and copying of two different geometrical figures (at top) by Case 
No. 33681. 


(7) Phrase reading.—A series of ten familiar four-word phrases were 
printed on separate cards in letters 1 in. high and 1/16th in. in line thick- 
ness. The patient was required to read these phrases while he held the card 
at a distance convenient for himself, and in any preferred lateral position. 
The omission or distortion of words on one side only was taken as a sign 
of a unilateral spatial deficit. Two examples of this phenomenon are given 
in fig. 6. 

(8) Visual searching and recall.—In this procedure the patient was asked 
to find as quickly as possible the geometrical figure, in one of eight possible 
locations in the visual field, which was identical to one exposed at a central 
spot. The stimuli consisted of either red or blue circles, or squares, of 
small or large area, all equally distributed 15 degrees of arc parafoveally 
in the four quadrants of a campimeter sheet. On any one trial the time 
taken by the patient to find the peripheral stimulus figure which matched 
exactly the sample in the centre of the field was measured in seconds. In 
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Fic. 5.—An example of left spatial deficit in the recall and description of one of the 
meaningful pictures. The shaded portions in the illustration represent those details 
recalled (on the left) or described (on the right) by Case No. 25835. 


PHRA 





CASE No. 24966 CASE No.3435! 
|. GoD HUMOR) ICE CREAM 1. GOOD HUMOR ICE CREAM 
2. (WO TONED TAXI) CAB 2. TWO TONED TAXI CAB 
3. (GRONX RIVER) PARK WAY 3. BRONX RIVER NPARR) WAY 
4. (IELD STONE RANCH) HOUSE 4. FIELD STONE RANCH HOUSE 
5. (NEWS PAPER HEAD) LINE 5. NEWS PAPER ,(HEAD LINE) 
6. (WORLD SERIES BASE) BALL 6. WORLD SERIES BASE BALL 
7 (WELL PAVED ,SIDE) ROAD 7 WELL PAVED SIDE ROAD 
8. (WATER PROOF) RAIN COAT 8. WATER PROOF RAIN COAT 
9 (PUNCH DRUNK PRIZE) FIGHTER 9. PUNCH ,ORUNK PRIZE FIGHTER) 
10. (MOUNT SINAl) REST HOME 10. MOUNT SINAI “(REST HOME) 


Fic. 6.—Spatial “inattention” on the phrase reading test in two different cases. 
Words enclosed in brackets are those portions of the phrases omitted by the subject 
in reading. Where an unintelligible response or a substitution of another word occurred 
a caret and an approximation of the word used by the patient is inserted. 
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the recall phase of the test, the procedure was reversed: i.e. the patient 
regarded the stimulus field for 10 secs. and then (with the field concealed) 
was asked to recall the location of one of the stimulus figures shownby the 
examiner. Unilateral prolonged searching times and errors upon recall 
were used as an index of selective spatial perception (see fig. 7). 


SPATIAL SEARCHING AND RECALL 










CASE NO. 23325 


SEARCHING RECALL 
= 





LEFT RIGHT 
TIME ( SECS.) ON 16 TRIALS NUMBER OF RESPONSES ON I6 TRIALS 
TOTAL 118 80 TOTAL 4 7 12 
MEAN 15 | 10 CORRECT 2 | 6 


Fic. 7.—Illustration of visual searching (left side) and recall (right side) test. In 
searching, the stimulus figure in the centre had to be matched with one located in the 
periphery of the visual field, the examiner clocking the time necessary to do this. On 
recall only four peripheral figures were used, the central stimulus figure was presented 
after a ten-second study of the field, and the patient attempted to remember its prior 
location. The results obtained on 16 such trials are given for one case with left spatial 
“inattention.” 


(9) Behavioural observation.—Detailed notes were kept of the patient’s 
general behaviour in eating, in dressing, in finding his way around the 
ward, and in holding conversations with other patients or hospital 
personnel. In addition, tests were made of the ability to localize sounds in 
the left or right halves of space, as well as the consistency of errors made 
in counting the number of people in a room. 

In general, behavioural observation disclosed a gross “neglect” or 
“inattention” to stimuli in one-half of space in 24 cases with cerebral 
damage. All of these patients showed marked deficits on the special tests 
mentioned above. Seventeen other patients, however, did not manifest 
any signs of unilateral spatial “inattention” on observation, but showed 
definite asymmetries of response on at least two special tests. Aside from 
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these 41 “‘positive’’ cases, there were 9 patients who were classified as 
‘“questionable”’ because a clear-cut evaluation was not possible (due to 
aphasia, or rapidly deteriorating clinical condition). In addition, there 
were 10 patients who were completely untestable because of severe aphasia 
and organic psychoses. The remaining 72 patients were “‘negative” on all 
procedures. 


B. Statistical Data 


(1) Location of lesion—Table I presents the incidence of positive, 
negative, questionable, and untestable cases in the group of patients with 
localizable space-occupying lesions in various parts of the cerebrum. The 
figures in parentheses refer to the relative (percentage) incidence for each 
cerebral location, i.e. the total number of cases in each category (positive, 
negative, questionable or untestable) was set equal to 100, and the distri- 
bution of the location of lesions within that category expressed as a 
percentage of the total. The tabular data show that the relative incidence 
of unilateral spatial deficit (positive cases) is much higher in cases of non- 
dominant (80 per cent) as compared to dominant lesions (20 per cent). 
The total number of cases with dominant lesion that were tested, however, 
is approximately half that of the non-dominant cases (32 per cent as com- 
pared to 55 per cent of the total). When untestable cases are included in 
the totals, it can be seen that the relative incidence of dominant and non- 
dominant lesions more closely approximate each other (40 and 48 per 
cent respectively). These untestable cases were all so aphasic as to render 
valid evaluation impossible and hence could not be tabulated as being 
either positive or negative. It would appear, therefore, that the cards are 
“stacked” in favour of higher incidence of unilateral spatial deficit after 
non-dominant lesion; severely impaired patients with large dominant 
lesions tend to be so aphasic as to make it impossible to demonstrate a 
spatial deficit. None the less, our results show that unilateral spatial 
deficit not only occurs after dominant lesion, but has a proportionate 
incidence not significantly different from that of non-dominant lesions 
(3 positive cases out of 24 dominant lesions, as compared to 12 positive 
cases out of 41 with non-dominant lesions).? 

When location of lesion within the non-dominant hemisphere is con- 
sidered, Table I shows that lesions of the temporo-occipital as well as of 
the parieto-occipital areas produced unilateral spatial deficit (33 per cent 
in each case). Fronto-parietal lesion also elicited the phenomenon but this 
was a relatively rare occurrence (13 per cent). By contrast, parieto-occipital 
lesions of the dominant hemisphere resulted in a higher incidence of 


1 The Chi square value (with Yates correction for continuity) for these proportionate 
incidences is 2:286, which at one degree of freedom is significant at only the 20 per cent 
level of confidence; i.e. the apparent higher incidence of “‘positive” cases after non- 
dominant lesion could readily have occurred by chance alone. 
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unilateral spatial deficit than temporo-occipital lesions (13 per cent as 
compared to 0 per cent). Patients with temporo-occipital lesions of the 
dominant hemisphere, however, are more prone to be aphasic than those 
with parieto-occipital lesions; hence this apparent difference in relative 
incidence most likely reflects only the selective factor of aphasia. 

In summary it appears that the symptoms of unilateral spatial deficit 
ire almost always associated with destruction of the posterior portion of 
the cerebrum. The effective lesion, however, may be in either the parietal, 
temporal or occipital areas of either hemisphere. 

(2) Neurological status.—Findings so far suggest that location of lesion 
per se may not be a crucial factor in producing the syndrome of unilateral 
spatial deficit. Instead, one could postulate that some degree of functional 
impairment, possibly sensory in nature, is a necessary condition for 
obtaining left-right asymmetries in responding to spatial stimuli. This 
possibility can be evaluated by comparing the neurological signs of patients 
with unilateral spatial deficit to the signs of those patients without the 
syndrome. The results of such a comparison of “‘positive” and “‘negative”’ 
cases are given in Table II along with the data for the “questionable” 
group. As in the previous table, the relative (percentage) incidence of each 
neurological sign is given in parentheses for each patient category. 

The tabular data indicate that there was a relatively low incidence of 
(homonymous) visual, somato-sensory, motor, aphasic, and mental 
symptoms (disorientation for time, place or person, and denial of illness) 
in the negative group of patients. By contrast, the positive group showed 
a high incidence of all of these defects with the exception of aphasia. The 
questionable cases fell in between the positive and negative groups on all 
neurological signs except aphasia, which had a much higher incidence in 
this group than in any other. In general, patients with unilateral spatial 
deficits (positive cases) tend to have more impairment in function than 
cases without the syndrome (negative cases) with the exception of diffi- 
culties in language (aphasia). 

According to Table II, there was a very high incidence of hemianopia 
and disorientation for time, place or person in the positive cases. Denial 
of visual difficulty, somato-sensory and motor defects had a somewhat 
lower incidence, but still occurred more frequently in the positive than in 
the negative cases. These findings indicate that patients with unilateral 
spatial deficits are hemianopic, have marked mental symptoms, and show 
gross somato-sensory and motor defects as well. It seems possible, there- 
fore, that asymmetric responses to spatial stimuli occur as a result of the 
combination of these various neurological defects. For this hypothesis 
to be valid, however, one must account for the negative cases. Since all 
positive cases were hemianopic, and all but one disoriented (one which 
could not be adequately tested), the question is raised as to the number of 
negative hemianopic cases who were disoriented for time, place and 
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person. In order to answer this question, we compared the incidence of 
neurological defects in the negative cases with hemianopia, to the incidence 
of these same defects in the positive cases (all of whom had hemianopia). 
Two types of positive cases were considered, those patients who manifested 
unilateral spatial deficits in gross behaviour, as contrasted to those patients 
with consistent spatial deficits only upon special testing. The result of 
this comparison is given in Table III for patients with signs (or confirmed 
lesions) referable to either the dominant or non-dominant hemisphere. 
As in the other two tables, the relative incidence of the various neuro- 
logical signs is indicated in percentage terms for each category. 

The data in Table III indicate that there was no disorientation for time, 
place or person among the hemianopic patients who did not manifest signs 
of unilateral spatial deficit (negative cases). This finding contrasts 
markedly with that in the positive group (hemianopics with spatial deficit) 
since all but one of them was disoriented; the orientation status in this 
one case being impossible to evaluate because of severe aphasia. Another 
significant fact illustrated by the data in Table III is that 23 out of the 24 
patients with unilateral spatial deficit in gross behaviour denied their 
visual impairment (the one exception again being the doubtful case with 
aphasia). The importance of denial of visual defect is not so clear, how- 
ever, when one considers the cases who were positive only upon special 
testing. Although all but one of these cases was disoriented for time, place 
or person, only 5 out of 17 (29 per cent) denied visual disability. More- 
over, 2 of the cases in the negative group also denied visual difficulties. 

In summary, cases of unilateral spatial deficit are unique in that they 
show disorientation for time, place or person, have homonymous hemi- 
anopias and usually signs of severe somato-sensory and motor impairments 
as well. Moreover, when the syndrome of “spatial inattention” is notice- 
able in gross behaviour, these patients tend to deny their visual defects. 
In short, these patients show many of the symptoms of total cerebral 
dysfunction in addition to those of a lesion characteristic of the posterior 
part of the brain. 


(C) Qualitative Observations 


The relative importance of location of lesion and neurological status 
in the production of the syndrome of unilateral spatial deficit can readily 
be demonstrated by presenting the details of some illustrative cases. The 
following case is typical of the reports of “‘hemi-spatial agnosia’? which 
have been described in the literature and specifically attributed to a non- 
dominant parietal lesion. 

Case No. 33681, a 50-year-old right-handed housewife, showed on examination a 
left hemiparesis, a left hemisensory syndrome including an increased threshold for 


two-point discrimination, errors in point localization and in position sense and diffi- 
culties in stereognosis in the left hand. There was also “‘extinction”’ of tactile stimuli 
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on the left side and a left homonymous visual field defect. The patient was confused, 
disoriented for time and place and minimized all physical disabilities, especially the 
visual defect. This patient showed many of the classical signs of unilateral spatial 
‘“‘neglect” in her gross behaviour. She remained in bed with head and eyes deviated 
away from her affected (left) side of the body. She either did not answer the examiner’s 
questions when he stood on her left or addressed him as if he were standing to her 
right. On one occasion the patient’s daughter addressed her parent from the left side 
of the bed. The mother responded but could not determine the location of her daughter 
until the latter walked to the patient’s fronto-median plane. When asked to read the 
American Optical Company’s isochromatic plates (A—O plates), the patient reported 
only the numbers on her right side. She recalled and copied only the right portion of 
geometrical forms (fig. 4) and magazine pictures, and in addition drew a daisy with 
petals missing on the left. These symptoms of defective response to stimuli on the left 
(including displacement of Jeft-sided stimuli towards the right), were persistent and 
involved all modalities. During this entire period, the patient was poorly oriented, 
euphoric and denied she was ill. Fourteen days after an exploratory craniotomy, the 
patient died and a focal encephalomalacia deep within the right parietal lobe was 
found on post-mortem study (fig. 8, Plate I). 


From the above report, it is clear that non-dominant parietal lesions 
can undoubtedly produce asymmetric spatial responses. Such lesions do 
not always produce such behaviour, however, as can be seen from the 
following protocol. 


Case No. 39848, a 50-year-old right-handed lawyer, was admitted with a left 
hemiparesis and left hemisensory deficits which included touch threshold, two-point 
discrimination, ‘‘extinction’’ of tactile stimuli, position sense and stereognosis. There 
was, in addition, a left homonymous superior quadrantamblyopia, most apparent for 
coloured targets. This patient was somewhat facetious and euphoric, but was always 
oriented and never tended to deny or minimize his defects. No signs of unilateral 
spatial deficit could be demonstrated at any time. His gross behaviour was observed 
in detail, and the majority of the special tests administered, all with negative results. 
These test procedures were later repeated after injection of sodium amytal (without 
the development of disorientation) and negative results again obtained. Pneumo- 
encephalography disclosed a large mass in the right posterior parieto-temporal area 
which was subtotally removed and histologically diagnosed as glioblastoma multiforme. 


It is clear from the foregoing case that lesions of the non-dominant 
parietal area do not necessarily produce inequalities in dealing with the 
lateral aspects of space. Lesions of the dominant parietal area, however, 
may be effective, as the following case presentation illustrates. 


Case No. 64446, a right-handed, 60-year-old male, showed on admission a right 
hemiparesis with difficulties in skilled movements, deficits in position sense, in point 
localization and in stereognosis in the right hand, a right homonymous hemianopia, 
and a sensory and motor aphasia. The patient was markedly disoriented for time and 
place and minimized all his defects, especially his visual difficulties. In walking about 
the ward, he continually bumped into objects on his right side and was extremely 
careless in arranging his dressing-gown on that side. This patient made numerous 
right-sided errors on the A—O plates and Gottschaldt figures and omitted items to the 
right on the manikin and Kohs’ block tests. The patient died nine days after an 
exploratory craniotomy and a large glioblastoma multiforme of the left parieto- 
occipital area was found at autopsy (fig. 9). 
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By contrast, Case No. 60762, a 44-year-old, right-handed business executive, never 
manifested any selectivity in responding to spatial stimuli. On examination this patient 
made errors in point localization, in two-point discrimination and in position sense in 
the right hand. A right homonymous hemianopia and a mixed aphasia were also 
present. The patient was well oriented, however, and did not deny or minimize any 
of his difficulties. In fact, he complained bitterly about his visual deficit and attempted 
to compensate for it by rotating his head and body towards the affected side. Angio- 
graphy disclosed a large mass in the left parieto-occipital area, which was subsequently 
subtotally removed and histologically verified as a glioblastoma multiforme. Post- 
operatively, a transient right hemiparesis was detectable for about eight days, in 
addition to the other neurological signs previously noted. There was again, however, 
no disorientation or denial of illness, and no tendencies for unilateral spatial deficit, 
either in gross behaviour or on special testing. 


It can be seen from the above protocols that confirmed lesions of 
parieto-occipital area of either hemisphere can produce unilateral deficits 
in responding to spatial stimuli, but that these deficits do not appear as a 
necessary result of such lesions. Moreover, as the statistical data have 
already indicated, unilateral spatial deficits also occurred after lesions not 
directly involving the parietal lobe. This latter finding is illustrated by 
the following protocols. 


Case No. 21652, a right-handed 65-year-old orchestra conductor, showed on 
admission a mild left hemiplegia, position sense and touch localization deficits in the 
left hand and “extinction” of tactile stimuli on the left side. A left homonymous field 
defect with congruent amblyopic areas in the lower quadrants was found on perimetry. 
This patient was markedly disoriented for time and place and minimized all impair- 
ments, actively denying visual disability even when it was demonstrated to him upon 
confrontation. He failed to address or to converse with people standing on his left 
side and made gross errors in sound localizations on the left. On special testing, he 
omitted the numbers on the left half of the A—-O plates, did not read the parts of 
phrases on his left and drew a daisy and a house with numerous details missing on the 
left side. The patient died shortly after admission and a large glioblastoma multiforme 
of the right temporo-occipital area was found at autopsy (fig. 10). In this case there 
was no direct involvement of the parietal lobe; there was, however, unilateral spatial 
deficit associated with concomitant somato-sensory and visual disturbances on a 
background of faulty mental function. 

Similar findings were present in Case No. 8932, a 58-year-old, right-handed plumber, 
admitted with a mild left hemiplegia, hypesthesia and decreased adaptation time to 
pin-prick on the left side of the body, consistent tactile “‘extinction”’ on the left and a 
left homonymous hemianopia upon confrontation. The patient was markedly dis- 
oriented for time and place and denied repeatedly that he had any visual difficulties. 
This patient showed many outstanding instances of unilateral spatial ‘‘neglect’’ in his 
gross behaviour. He would fail to cover the left side of the body with his bathrobe, 
frequently lost his left slipper, omitted the left side of space when counting the number 
of people in the room, and could not find his bed on the ward when it was located to 
his left. On special testing he failed to report any of the numbers on the left side of 
the A—O plates, even when the numbers on the right side were covered by the examiner. 
Geographical locations were all displaced to the right on the map test, and a daisy was 
drawn with details missing on the left side (fig. 3). Performance on the Kohs’ blocks 
and on the Gottschaldt figures (fig. 1) showed a marked lack of responsiveness to the 
left side. At autopsy a “small nodule of tissue projecting upwards from the floor of 
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the hippocampal gyrus”! was found in the right hemisphere and diagnosed as metastatic 
carcinoma, 


The foregoing observations contrast rather markedly with those made 
on other patients who had essentially similar lesions but who showed no 
gross mental defects. 


Case No. 9279, a 35-year-old, right-handed engineer, was admitted with a question- 
able weakness of the left upper extremity and an incomplete left homonymous superior 
quandrantamblyopia. The patient was completely oriented at all times and never 
denied or minimized his defects. Significantly, there were no signs of spatial deficit 
in gross behaviour or on special tests. Three days after a subtemporal decompression 
the patient died and a glioblastoma multiforme of the right temporal lobe was found 
at autopsy (fig. 11). Similarly, Case No. 643285, a 47-year-old housewife, was admitted 
with a history of episodes of numbness originating in the right hand and radiating up 
the arm to the face. There was a questionable drift of the right upper extremity and 
a right homonymous hemiamblyopia. The somato-sensory status and mental functions 
were perfectly normal and she showed no tendencies to deny or minimize her diffi- 
culties. Both on special tests and in gross observation, this patient never manifested 
any unilateral spatial deficits. Angiography disclosed a space-occupying lesion and at 
craniotomy a “‘small brain tumour was easily removed in toto from the inferior 
temporal region’ of the left hemisphere, and found to be a metastatic carcinoma. 
Post-mortem study later verified the presence of a left temporal lobe lesion (fig. 12). 


From the foregoing protocols, it is clear that neither localization to the 
parietal lobe nor etiology of lesion is a sufficient condition for producing 
the syndrome of unilateral spatial deficit. Instead, the data above suggest 
that a patient with mental deterioration who has, in addition, homonymous 
visual defects and other unilateral sensory and motor signs, will also show 
the syndrome of a unilateral spatial deficit. The importance of this con- 
stellation of symptoms is illustrated by the following case presentations. 


Case No. 23325, a 65-year-old storekeeper was admitted with a left homonymous 
hemianopia, left hemiparesis (maximal in the upper extremity), and a left hemisensory 
syndrome which included hypesthesia to pin-prick, defective touch localization, 
“‘extinction”’ of tactile stimuli and defects in position sense. The patient was slightly 
disoriented for time and place and tended to minimize his visual difficulties, but would 
admit that objects to his left were “‘not clear.”” There were no apparent signs of spatial 
asymmetry in gross behaviour, but many omissions or distortions were found on the 
left in the recall of geometrical forms and of meaningful pictures. The left side of a 
clock face and of the A-O numbers were omitted and the Kohs’ block test revealed 
difficulties on the left. The patient’s condition deteriorated rapidly and he became 
markedly disoriented in all spheres. He became withdrawn, and would refuse to 
answer questions concerning his illness. Although he responded correctly to all stimuli 
on his right side, he made numerous errors on his left. He did not react to auditory, 
visual, tactile, or painful stimuli, for example, when presented from the left side of the 
body. He would not move the head or eyes to the left on command or pursuit, but 
would execute such movements promptly to the right. The patient had an exploratory 
craniotomy and decompression, following which his condition improved and his 


1 This quotation is from the pathologist’s description of the lesion; photographs of 
the specimen were unfortunately mislaid. 


2 Quoted from the surgeon’s description of the lesion at craniotomy. 








86 W. S. BATTERSBY, M. B. BENDER, M. POLLACK AND R. L. KAHN 


mental changes became less pronounced. At this time he showed no signs of unilateral 
spatial deficit in gross behaviour, but special testing still revealed an asymmetry in 
responding to spatial stimuli. For example, he would omit phrases on the left in 
reading, would leave out the left side of geometrical forms under recall or copying 
conditions and showed prolonged searching times and errors in recall for stimuli on 
his left (fig. 7). The patient was readmitted to the hospital several months after dis- 
charge because his condition had deteriorated. Within a day he died and post-mortem 
study revealed a large conjoined sarcoma and glioblastoma multiforme of the right 
occipital pole (fig. 13). 


The relationship between unilateral spatial deficit and altered mental 
functioning is well illustrated by three other cases. 


Case No. 649766, a 24-year-old college student, developed a transient episode of 
disorientation for time and place subsequent to a craniotomy for subtotal removal of 
a sarcoma of the right temporo-occipital area (fig. 14). Case No. 23357, a 61-year-old 
housewife, suffered from convulsive episodes characterized by short lapses of con- 
sciousness which were followed by similar periods of mental confusion, including 
disorientation for time and place. Case No. 24835, a telephone installation man, 
became transiently disoriented after partial removal of a right anterior temporal lobe 
glioblastoma. 


All of these cases were similar in that they manifested marked fluctua- 
tions in their clinical course. Their mental defects were limited to short 
episodes, and in each case unilateral spatial deficits were demonstrable 
only during these periods of defective mental functioning. The only other 
neurological signs common to these cases were homonymous hemianopia, 
and tendencies to deny visual impairment during the period of the 
abnormal mental state. 


Our observations on the individual case can be summarized in the 
protocol of one patient whose clinical course we have been able to follow 
for more than a year.' 


Case No. 24179, a 63-year-old right-handed engraver, was admitted with a left 
homonymous hemianopia, left hemisensory deficit with “extinction” of tactile stimuli, 
defects in position sense, point localization, two-point threshold and stereognosis in 
the left hand. Difficulties in skilled movements were also noted in the left upper 
extremity. This patient was very talkative, in fact, garrulous, and showed the pheno- 
menon of ‘“‘reduplication” for person (Weinstein and Kahn, 1955). He claimed, for 
example, that there were two Dr. N.’s (his referring physician). According to the 
patient, one of these Dr. N.’s had seen him prior to hospitalization and the other, a 
younger man, now saw him in the hospital. He denied vigorously any visual difficulties 
on his left, even when they were repeatedly demonstrated upon perimetry and 
tachistoscopy. 

The following history was obtained from the patient and family. Two days prior to 
admission he suddenly noticed that objects looked “blurry” and “funny,” and that 
he had difficulty identifying objects and persons, i.e. he wasn’t sure he recognized his 
wife, his own home, or the local medical practitioner called to treat him. The next 
morning he went to the bathroom and his family noticed that he couldn’t find the 


1 We are grateful to Dr. M. Nathanson for permitting us to follow up his private 
patient and for furnishing us with details of the history and findings. 
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plunger on the left side of the water closet, or toilet articles placed to his left. At the 
dinner-table that evening his left forearm was placed in the food on the left side of his 
plate, and he made no attempt to remove it. The family also noted at this time that 
the patient would not look to the left in answering questions. The patient asked for 
candy but appeared unaware of its presence when placed in his left hand. He was 
hospitalized the next day, complaining that his left leg felt ‘numb’ and “‘heavy.” 


It was noted that this patient would not look to the left on command or pursuit, 
and that he ignored people, including his own wife, when they spoke to him from his 
left side. He did not keep the body members on the left adequately covered with 
bathrobe or blanket, and had difficulty localizing sounds to the left, even when they 
were near the mid-line. On special testing, he drew a daisy, and a “‘four-leaf” clover 
with petals missing on the left (fig. 2), read only the right portion of phrases, recalled 
and described only the details on the right side of pictures, and showed asymmetric 
searching and recall behaviour for geometrical objects (fig. 7). 

The patient’s condition gradually improved during the week after admission until 
at discharge, ten days later, he was well oriented for time and place. There were no gross 
behavioural signs of a left spatial deficit. He still insisted, however, that there were 
two Dr. N.’s: “*There’s the young Dr. N. that sees me now, but there’s another, older 
one, I saw before I came in. Maybe it’s the young Dr. N.’s father?” At this time his 
neurological status revealed a left homonymous hemiamblyopia with congruent areas 
of sparing in the upper quadrants, and minimal somato-sensory defects in the left 
upper extremity, best demonstrated on double simultaneous stimulation (“‘extinction’’). 
When asked about his vision he would reply that ‘‘ The doctors tell me that I don’t see 
very well on one side.”’ Special testing still revealed a relative asymmetry in responding 
to spatial stimuli. His drawings, geographical localizations, and reading of phrases, 
for example, still showed prominent errors on the left side only. 

At frequent intervals over the succeeding year the patient’s status was checked 
systematically. During this time there was little change in his left homonymous 
hemiamblyopia. All signs of a unilateral spatial deficit rapidly cleared, however, even 
when special tests were used. During one of the last testing sessions the following 
conversation took place between the examiner and the patient (while he was taking 
the phrase-reading test). Patient (spontaneously): ‘‘The last time I read these things 
(the phrases), I would start at the left and jump all the way over to the right.”’ (““Why 
did you do that, Mr. B.?”) “‘I don’t know, what with the left side being so bad and 
all, I just didn’t want to look that way. You know my wife accused me of ignoring her 
(when patient was still in hospital). She was on my left talking to me and I didn’t even 
answer her.” (‘‘Why didn’t you talk to her, Mr. B.?”’”) ‘“‘I don’t know, it’s just that 
that side (left) was so bad. I know you didn’t believe me then when I told you that 
the left side is the weakest part of the body, but it’s true.” At this point the patient 
went into a vague discussion concerning the symbolic significance of the ‘‘weaker”’ left 
side as exemplified in a first degree ritual ceremony of the Masonic Lodge. When 
asked about the two Dr. N.’s, he replied with a smile: ‘‘Oh, I only saw the young 
Dr. N. here in the hospital. I understand his father (the older Dr. N.) died a few months 
ago.” (!) 


It is clear from the above protocol that the symptoms of unilateral 
spatial “inattention” tend to appear when some disorientation for either 
time, place, or person coexists with homonymous hemianopia and other 
unilateral sensory defects. Tendencies to deny or minimize visual impair- 
ment also seem to run concurrently with the gross behavioural symptoms 
of unilateral spatial “‘inattention.” 
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DISCUSSION 

Previous reports of unilateral spatial deficit (“‘spatial agnosia’) have 
emphasized the role of right parietal lesions in producing the syndrome. 
The results of this study, however, have shown that parietal lesions of 
either hemisphere are neither the sole nor the sufficient conditions for 
obtaining asymmetric responses to spatial stimuli. Our data indicate that 
lesions involving the posterior portions of the cerebrum result in spatial 
deficit, but these are also the lesions which happen to produce homonymous 
visual field defects and unilateral somato-sensory signs. These symptoms, 
in combination with mental changes, appear to be more directly related 
to the occurrence of spatial “inattention” than location of lesion. 

One could argue that the parietal lobe need not be directly invaded by 
pathological processes in order to obtain deficits characteristic of this area. 
Pressure, altered cerebral circulation, and metabolic effects, for example, 
are some of the factors which might indirectly interfere with the function- 
ing of the parietal lobe, even though the actual destruction (the lesion) be 
remote. Unfortunately, such a hypothesis is internally inconsistent; it 
would assume a localization of function on the one hand, and a diffuse 
effect of cerebral lesions on the other. Aside from its logical inconsistency, 
this hypothesis would not explain why frontal lesions rarely (if ever) pro- 
duce unilateral spatial deficits, or why all cases with this syndrome have 
visual, somato-sensory and mental defects. At present, therefore, it seems 
more parsimonious to interpret the syndrome of unilateral spatial deficit 
in terms of known unilateral sensory and mental defects rather than 
invoking the concept of some hypothetical “spatial integrating centre” in 
the parietal lobe. 

Several problems arise from the foregoing considerations. In the first 
place, how can one be certain that a genuine homonymous visual field 
defect or a hemi-sensory deficit exists in a confused and mentally dis- 
oriented patient with marked unilateral spatial “inattention”? To the 
extent that this “inattention” may represent a complex syndrome of mental 
defect (including elements of anosognosia), and may not be limited to any 
one sensory system, it is true that the sensory disorder found on examina- 
tion may not be a traditional hemianopia or hemi-sensory condition in the 
sense of being attributable to a lesion in the corresponding thalamo- 
cortical projection system. In some of our “positive” cases we could not 
be certain that such a lesion had produced the sensory disorders. In other, 
more co-operative patients, however, the visual field and the somato- 
sensory status could be examined in detail by the conventional method. 
In these cases, homonymous and congruent areas of anopia and amblyopia 
could be demonstrated in the visual field, and an anesthesia or position 
sense defect found which was maximal in the extremities and minimal near 
the mid-line of the body. This type of finding has traditionally been cited 
as evidence of involvement of the so-called “‘primary” sensory projection 
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system. In other cases, however, no positive distinction could be drawn 
between a sensory defect attributable to damage to the thalamo-cortical 
projection systems, and one representing a more complex defect in 
responding to one-half of extrapersonal space. 

Despite uncertainties concerning the importance of lesions in the 
“primary” sensory projection systems, there are many reasons why 
unilateral spatial “inattention” cannot be directly attributed to mere 
sensory defect. First, many people with homonymous visual field defects, 
with or without concomitant somato-sensory deficits, do not show the 
syndrome of spatial deficit. It is significant that these patients are not 
mentally confused or disoriented. Secondly, unilateral difficulties in visual 
spatial perception do not usually correspond to the specific areas of anopia 
found on perimetry. Thus, a patient with mental changes and a right 
superior quadrant anopia will show difficulties for all portions of the right 
side of space and to some extent even near the median plane. There is not 
a localized area of spatial malfunction in other words, but rather a 
gradient of performance from the “spared” to the impaired halves of 
space. Thirdly, and perhaps most conclusively, the difficulties found in 
spatial performance are not necessarily restricted to the response to visual 
stimuli. A patient with a left “spatial inattention,” for example, may have 
difficulty in drawing the left side of a daisy, or of the human body. Such 
a task does not involve only visual perception. While drawing a figure 
the patient’s hand moves and hence creates a temporal and spatial dis- 
persion of somesthetic and kinesthetic impulses which are related to the 
spatial configuration of the drawing. Reports of “‘visuo-spatial agnosia” 
have usually overlooked such observations and have considered the deficit 
as purely visual in nature. Many of our cases, moreover, showed difficulty 
in sound localization to one side, or failed to answer questions when 
addressed from the impaired side (despite the fact that there were no signs 
of impaired hearing). These observations show that it is a portion of 
extrapersonal space which is not responded to, and that all stimuli within 
this spatial area fail to evoke an adequate response from the patient. 

If unilateral deficits in responding to spatial stimuli cannot be explained 
solely in terms of ‘‘primary”’ sensory loss or defects in spatial “associative” 
functions, how then to account for the occurrence of the syndrome? Our 
data provide a fairly direct answer to this question: Patients with spatial 
“inattention” not only have sensory defects, but show mental alterations 
as well, particularly disorientation for time, place or person. It seems 
reasonable, therefore, to postulate that asymmetries in responding to 
spatial stimuli occur as the result of a unilateral deprivation of sensory 
impulses (the “input” or “figure’’) superimposed upon a “background” 
of deficient mental function (the “‘noise-level’’). 

There are at least two objections which can be raised to our hypothesis 
of a combination of unilateral sensory defect and mental dysfunction as 
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being the essential conditions for obtaining asymmetrical spatial deficits. 
In some cases, unilateral “‘spatial inattention” is clearly not a deficit con- 
fined to any particular sensory modality, although it is most readily seen 
on tests involving visual stimuli. Thus, the importance of a sensory defect 
does not appear to be directly relevant. Why, for example, do some 
patients manifest asymmetries of response for sound localization even 
though there is no evidence of hearing loss? A possible answer to this 
question might be that some modalities are more crucial for spatial per- 
ception than others. Vision, for example, is probably the most important 
spatial and distance receptor possessed by primates. Hence, when visual 
function on one side is disrupted by cerebral damage and mental confusion 
and disorientation is also present, the signs of spatial ‘‘inattention”’ tend 
to appear. 

Even with the above qualifications, our hypothesis would not account 
for the high incidence of anosognosic tendencies (denial of visual defect) 
observed in patients with gross behavioural signs of unilateral spatial 
deficit. It seems probable, however, that widespread cerebral dysfunction 
is necessary to produce the mental defects, including disorientation, which 
seem to be a prerequisite for obtaining gross behavioural alterations to 
spatial stimuli. Therefore, the same large lesion that produces these 
symptoms may also bring about tendencies for anosognosia as a parallel 
phenomenon. 

On the other hand, the interrelation of “‘inattention’”’ and denial of 
illness could be interpreted from the standpoint of motivated behaviour. 
Weinstein and Kahn have stressed the importance of anosognosia as an 
adaptive “denial mechanism” in the patient with severe impairment of 
mental function due to cerebral damage. According to this theory, the 
patient with hemianopia or other sensory defect, who is also disoriented 
for time, place or person, would develop unilateral spatial “inattention” 
in an attempt to avoid those portions of space in which there is impairment 
in bodily function. Unfortunately, as it stands, this theory would not 
explain the relatively low incidence of denial of visual defect in patients 
with spatial “inattention” only upon special testing. Moreover, a few 
patients without unilateral spatial deficit (negative cases) also denied 
visual defect. However, in a recent publication Weinstein and Kahn (1955) 
have suggested that denial of illness may be expressed in many different 
ways and hence there is the possibility that our statistics are not relevant. 

Another point to be considered is the fact that most of our cases with 
hemi-spatial inattention showed the phenomenon of “extinction” ; that is, 
would not respond to a stimulus applied to the impaired side of the body 
as long as another stimulus was concurrently applied to the good side. It 
is well known that patients with lesions involving the somato-sensory 
projection system may often show this phenomenon of “extinction” of 
touch on the involved side, and also that patients with lesions in the 
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geniculo-calcarine system are apt to show analogous phenomena in vision 
(Bender and Furlow, 1945; Bender, 1945). It is also known that mental 
alterations frequently make the phenomenon of extinction more con- 
spicuous and widespread (Bender, 1952). In fact, varying degrees of 
cerebral intoxication, such as may occur upon intravenous injection 
of sodium amytal, often produce unilateral “‘extinction” in patients 
with localized cerebral disease, even though there is no evidence of 
sensory defect prior to injection. It is clear from these observations 
that double simultaneous stimulation is more likely to reveal defects 
in function than single stimuli, and that these “extinction” defects 
are most pronounced in patients with mental changes and unilateral 
sensory defects. One could speculate, therefore, that these two factors are 
also involved in producing the symptoms of “‘neglect”’ of one-half of space. 
When patients with unilateral spatial deficits are required to perform a 
complex task such as drawing or reading, the multiple sensory input which 
is of necessity bilateral and simultaneous, interacts between the two sides 
in which the stimuli on the normal side “extinguish” those arising from 
the defective side. 

From the foregoing discussion it is apparent that the causal mechanisms 
involved in cases of unilateral spatial deficit are not well understood. The 
importance of hemianopia, as an example, is not clear, since it will be 
recalled that most of our testing was carried out with visual stimuli. If 
tests had been used which accentuated ability in other modalities, different 


results might well have been obtained. Moreover, the fact that severely 
impaired patients showed unilateral “inattention” in all modalities, even 
where no known sensory defect existed, requires further evaluation. 
Finally, the reciprocal relations between unilateral spatial deficit, sensory 
defects, mental alterations, and denial of illness appear to be pivotal points 
of important theoretical and practical consequence. 


SUMMARY 


One hundred and twenty-two patients with cerebral damage and 42 con- 
trol patients with infra-tentorial involvement were examined on a battery of 
perceptual tests designed to reveal asymmetric responses to stimulation of 
the lateral portions of space (unilateral “‘spatial agnosia” or “‘inattention’’). 
Lesions of the temporo-occipital, as well as of the parieto-occipital areas of 
either hemisphere most frequently resulted in asymmetrical perception. 
The occurrence of aphasia after temporal lesions of the dominant hemi- 
sphere tended to produce a spuriously higher incidence of spatial disorder 
in cases with non-dominant lesion. This difference, however, was not 
large and was not statistically significant. 

Quantitative and qualitative evidence indicated that location of lesion 
played only an indirect role in producing unilateral “spatial inattention.” 
All testable patients with this disorder had marked sensory defects (hemi- 
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anopia and hemisensory deficits), in addition to mental alterations 
(disorientation for time, place and person) ; patients without “inattention” 
never showed this combination of symptoms. The hypothesis is advanced 
that unilateral spatial “inattention” is due to defective sensory input, 
primarily visual, superimposed upon a background of altered mental 
functioning and is not, therefore, an agnosia in the traditional sense*of 
the term. 
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LEGENDS FOR PLATES 


PLATE I 


Fic. 8.—Coronal section through the brain of Case No. 33681. The focal 
encephalomalacia deep within the right parietal area is readily apparent. 


Fic. 9.—Horizontal section through the cerebrum of Case No. 644446. A large 
lesion in the left parieto-occipital region is shown. 





PLATE I 


Fic. 9. 


To illustrate article by William S. Battersby, Morris B. Bender, Max Pollack and 
Robert L. Kahn, 





PLATE II 





Fic. 11. 


To illustrate article by William S. Battersby, Morris B. Bender, Max Pollack and 
Robert L. Kahn 
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PLATE Ill 





Fic. 12. 





Fic. 13. 
To illustrate article by William S. Battersby, Morris B. Bender, Max Pollack and 


Robert L. Kahn. 











PLATE IV 





Fic. 14. 


To illustrate article by William S. Battersby, Morris B. Bender, Max Pollack and 
Robert L. Kahn. 

















UNILATERAL “SPATIAL AGNOSIA” (“INATTENTION”) 


2 PLATE II 
Fic. 10.—Coronal section of the brain in Case No. 21652. Note the destruction in 
the right temporal lobe. 


Fic. 11.—Horizontal and inferior view of the cerebrum in Case No. 9279. This 
section shows only the superior extent of a focal lesion which extended deep into the 
right temporal lobe. 


PLATE Ill 


Fic. 12.—Horizontal section of the brain in Case No. 643285. The presence of the 
left temporal lesion which was described at craniotomy is readily seen. 


Fic. 13.—Coronal section of the brain in Case No. 23325. The extent of the lesion 
in the right occipital pole is demarcated by arrow heads, since its whitish colour did 
not reproduce well photographically. 


PLATE IV 


Fic. 14.—Horizontal section of the cerebrum in Case No. 649766. A large lesion 
within the right temporo-occipital area is revealed. 
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THE DEFECT OF FUNCTION IN VISUAL AGNOSIA 


BY 


DONALD MACRAE anp ELLI TROLLE! 


The Department of Neurology, University of California School of Medicine, San 
Francisco, California 


CLINICAL neurology has revealed several examples of that uncommon 
disorder, visual agnosia, but only to increase the disagreement regarding 
the traditional concept. This concept had its origin with the extirpation 
experiments of Munk (1881) on dogs, which, after partial extirpation of 
their occipital cortex, appeared to see and avoid obstacles though 
apparently unable to recognize them—a “mind blindness,” or object 
visual agnosia. 

Comparable clinical experience led to the formulation of ideas regarding 
visual agnosia as a defect of a specific gnostic function, predicating 
intact primary sensory processes and no dementia. Yet in the literature 
only one patient with visual agnosia (Bay, 1953) had normal visual 
acuity and visual fields and no dementia, but even in this case more careful 
testing revealed defects attributed to the primary sensory process. 

Siemerling (1890) had early questioned the classical concept of visual 
agnosia and believed that a similar state could be produced in normal 
people by altering the illumination of the environment with a sodium 
lamp and reducing the visual acuity to 1/30 by wearing glasses. Bay 
(1953) denies that there is a specific gnostic function or a disorder of 
that function, but that the defect of recognition is a combination of 
imperfect vision and impaired general psychological qualities (dementia 
of some degree). However, in his case without any dementia, he considered 
that the defects in the dynamic processes of “‘Funktionswandel” indicated 
an impairment of sensory activity which fully explained the gnostic 
disturbances. 

The complication of agnostic disorders by quantitative visual and 
intellectual defects and emotional reactions, renders their study one 
of great difficulty. Moreover, the number of adequately documented 
cases in the literature is very small and, as illustrated by the famous 
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case of Goldstein and Gelb (Schn., 1918), differently interpreted by 
various observers (Poppelreuter, 1923; Kleist, 1922; Pétzl, 1928; and 
Jung, 1949). 

As emphasized by Critchley (1953), pure cases of agnosia do not 





occur—at least, not when completely studied—but it is likely that the 
more “‘pure” the agnosia, the more easily may the underlying disturbance 
of function be studied for greater understanding of the organization 
and activity of the nervous system. 

The purpose of this communication is twofold: first, to add to the 
literature the case history of a patient showing an unusually pure syndrome 
of visual agnosia, especially visual agnosia for faces—the prosopagnosia 
of Bodamer (1947)—and an analysis of the clinical study; second, to 
report tachistoscopic visual field findings of unprecedented nature which, 
together with defects of visual imagery revealed in the clinical study, 
may aid an understanding of the problem underlying visual agnosia. 

The combination of a relatively pure visual agnosia, good mentation, 
excellent co-operation, and the nature of the quantitative visual defects 
in addition to a loss of visual imagery, is unique in the documented 
history of this disorder. 


CASE REPORT 


A white male aged 32 years complained, exclusively, of an inability to recognize 
faces, even those of his wife and children, since a severe automobile accident eighteen 
months previously. In this accident he sustained a fracture of the left femur, left foot, 
and several ribs, and small lacerations of his face. He remained unconscious for three 
weeks, but there was no clinical or radiological evidence of a skull fracture, and 
frontal and parietal burr holes revealed no evidence of subdural hematoma or obvious 
damage to the subjacent cortex at these sites. His post-traumatic amnesia was of 
five weeks, and his retrograde amnesia of six to seven days’ duration. There was no 
litigation involved. 

At the time of initial examination, eighteen months after his accident, he claimed 
that there were only three people he could recognize by sight. These were workmates: 
one with an eye-blinking tic; one with a large mole on his cheek; and a third “‘because 
he was so tall and thin that no one else was like him.’’ Each of these he recognized 
solely by the single prominent feature mentioned. His wife and two children were 
visually acceptable to him as his family when at home only because he could recognize 
their voices and so “knew” who they were. When his children were playing with 
others they were visually unidentifiable—they were all children, some recognizable 
as males and others as females. If separated from his wife, as when shopping, he could 
not find her and after some embarrassing errors, learned to wait for her to approach 
him, unless she wore a conspicuous article of clothing, such as a large hat; then he 
recognized her as the woman with the conspicuous hat and so his wife. His two 
brothers and parents were equally unrecognizable by sight, but immediately recogniz- 
able from a few spoken words. He had learned to recognize all his close friends and 
many workmates from their voices and to hide his disability, in part, by waiting for 
the other person to speak first. 

In the early convalescent phase he frequently, especially when shaving, questioned 
whether the face gazing at him from the mirror was really his own, and even though 
he knew it could physically be none other, on several occasions grimaced or stuck 


BRAIN—VOL. LXXIX 7 








96 DONALD MACRAE AND ELLI TROLLE 


out his tongue “‘just to make sure.”’ By carefully studying his face in the mirror he 
slowly began to recognize it, but “not in a flash” as in the past—he relied on the hair, 
facial outline, and on two small moles on his left cheek. 

He considered that his visual recognition of faces had improved, but the examples 
of improvement were those mentioned persons recognized by a conspicuous charac- 
teristic. 

Questioned regarding object recognition, he admitted that shortly after his accident 
he could not recognize animals. A dog and a cow appeared alike, but on seeing a 
cow he would know it could not be a dog, “‘because a dog could not be that size.” 
He at no time had difficulty estimating distances, shapes and sizes, or with stereoscopic 
vision. At the time of examination he could recognize most animals from their size 
and outline or a particular feature, such as a cow’s horns, but a cow stili did not 
“look like a cow,” nor did he have a visual image of a cow. He had a similar problem 
with automobiles. Prior to his accident he could recognize most makes and models, 
“at a glance.’ After the accident he merely recognized an automobile as such. Slowly 
he re-learned to recognize a few makes and models, not from their detailed appearance, 
but from careful study of their silhouette. 

He had no difficulty recognizing objects about his home, trees, or flowers. He 
could drive his automobile two miles to and from work. On being pressed with regard 
to his method of finding his way, he could not visualize the street plan or his route, 
but he evidently had little difficulty despite this. His wife agreed that when driving 
he could find his way to and from work, shops, friends’ houses, etc., normally. 

He was right-handed with no family history of left-handedness. 

On examination he was alert and pleasantly co-operative. He tended to belittle his 
defects of vision or explain them away. (For instance, on the day of his discharge 
from the hospital he was, unknown to him, observed by one of the authors in the 
hospital corridor meeting his brother and parents who had unexpectedly come to 
visit him. He was walking past when they greeted him. Despite his obvious startle 
on salutation, he denied in their presence his having failed to recognize them.) 

Physical examination was normal except for numerous scars on both legs. 

The findings on examination of the visual system are reported later. There was a 
slight impairment of abduction of the right eye with diplopia on right conjugate gaze, 
due to an external rectus weakness, and the right patellar reflex was more active than 
the left; otherwise no abnormalities affecting cranial nerves, motor and sensory systems 
or reflexes were noted. 

Investigations —An X-ray of the skull revealed no abnormal changes, other than 
the operative burr holes. 

The ventricles and subarachnoidal spaces appeared normal on pneumoencephal- 
ography with 75 ml. of oxygen. 

Electroencephalography showed a dominant 12 per second frequency, not significantly 
altered by hyperventilation. A moderate amount of irregular 5-7 c.p.s. slowing 
appeared in many parts of the record. This slowing was, however, most marked 
when the patient was well relaxed and disappeared when he was slightly disturbed, 
so that it probably resulted from drowsiness. A considerable asymmetry in potentials 
was seen between the right and left parietal regions, the left being lower. Photic 
stimulation evoked slow waves (5-6 c.p.s.) in several runs in both parietal regions. 

The cerebrospinal fluid was under normal pressure, and chemical analysis was normal. 
There were 3 cells per cuumm. Routine blood and urine analyses were normal. 

Tests of auditory and vestibular function, including caloric, were normal. Optokinetic 
nystagmus was moderately reduced to the left. 

Visual function.—The visual acuity was 6/6, uncorrected, in each eye. Perimetry 
showed full visual fields for 14/330 white and coloured objects. On the Bjerrum 
screen there were no sector or scotomatous defects for 1/2,000 white or coloured 
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objects. Bilateral simultaneous stimulation revealed no inattention in the visual 
fields. 

Flicker fusion frequencies were determined in all quadrants of the visual fields. 
A slightly higher fusion frequency was found in the right half-field, 44 versus 41. 

His recognition of shapes and judgment of sizes, both in the central and peripheral 
fields, was good. His judgment of distances was unimpaired. 

The Ishihara Colour Blindness Test was normal. His ability to sort various shades 
of blue, grey, and red, and to pair similar shades was good, though rather slow. 
He sorted various shades of the same colours, with brightness values of 11 per cent 
to 60 per cent, accurately. 

Determination of the functional vision—His fading time (visual adaptation) for red 
was within the limits of normal in all quadrants. 

Tachistoscopic tests revealed several interesting defects: 

(1) Recognition of colour.—Red, green, yellow, and blue objects of 2 cm. size were 
exposed at 33 cm. distance for varying times. His field for red was only slightly 
abnormal while for the other colours he showed, with the dimension time introduced, 
a marked tunnel vision. To obviate any colour-naming difficulty, he was not asked 
to name the colour exposed, but to select the correct colour from similar objects in 
his hand. Fig. 1 shows his tachistoscopic visual field. Ten other persons, of whom 
only four had equally good corrected vision, were tested in the same way. Two 
had impaired vision resulting from optic neuritis. The extremes of their fields are 
shown as the control. 

(2) Perception of depth—{a) Two identical objects were exposed at the same angle 
but at different distances. He was unable to judge which was the nearer object au 
5 degrees in less than 4 second of exposure time—upper limit for controls was 1/100 
second. (b) Solid and flat objects were exposed—they had no depth for him with an 
exposure of less than 4 second. A cigarette package was described and drawn as a 
flat rectangle without depth. A cylindrical jar of 2-inch depth and diameter was des- 
cribed as a circle until the critical exposure time (4 sec.) was reached. The upper 
limit for controls was 1/100 second. 

(3) Recognition of objects shown tachistoscopically was poor. A cigarette lighter 
was not recognized as such with less than a 2-second exposure, although its depth 
was recognized at 4+ second and its shape was described at 1/100 second. A pen and 
pencil were recognized at 1/50 second by outline only. Spectacles were recognized at 
1/25 second. It appeared that only objects with readily identifiable outlines, e.g. pen, 
pencil, spectacles, were recognized on relatively brief exposure. 

In contrast to these defects, shape was recognized normally. Various shapes, such 
as a cross, square, circle, triangle of 2-cm. size were recognized to 20 degrees at 33 cm. 
in 1/100 second, irrespective of their colour; and at 1/200 second in the central 10 
degrees. In this respect he was equal to the best control. The two half-fields were tested 
simultaneously by introducing either outline designs of linear or circular types centred 
on fixation, or several objects in each half-field and exposing them for brief periods. 
This test did not reveal visual inattention for either half-field. 

Ability to read and write-—There was evidence of a mild dyslexia and dysgraphia. 
He read slowly and with some word resemblance faults, e.g. theatre for teacher. 
His comprehension was normal and he could explain the meaning of a story read aloud 
or silently. Reading aloud was slow, polysyllabic words being enunciated as though 
each syllable was a separate word. 

His writing from dictation revealed spelling defects which suggested that he did not 
visualize the spoken word, but spelled phonetically, e.g. “roung” for wrong, ‘‘fealing” 
for feeling, “‘ocur”’ for occur, ““campain”’ for campaign, and “United Staits” for United 
States. Prior to the accident his spelling ability was average and he was aware of his 
acquired spelling defect. 
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TIME 
IN 
SECONDS 
1/2 


YELLOW 
BLUE 
GREEN 


1/200 20° 


Fic. 1.—The upper portion is the horizontal meridian of the tachistoscopic field 
for colours for the case and ten controls. The lower portion is the projection of the 
fields for 4 sec., } sec., and | sec. exposures. The objects were 2 cm. size and the 
distance 33 cm. The tachistoscopic visual fields were perfectly congruent. 


His ability to calculate was definitely, but not severely, impaired. His performance 
was variable from day to day and even in the same test situation. He sometimes failed 
in easier tests, to succeed in more difficult ones. Calculation with problem solving 
was rather good, and often better than pure addition and subtraction. 

His ability to copy simple shapes was excellent, but when given several different 
shapes at the same time, to copy from memory, he could recall no more than three of 
the models. 

Ability to recognize pictures (tested two years after the accident). He was shown 
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simple drawings from the Terman and Merrill Intelligence Tests, the more complicated 
\lack-and-white drawings of the Thematic Apperception Tests, and also coloured 
yictures. He recognized, readily, drawings of many simple objects, such as a book, 
‘orn, bicycle, iron, scissors, kettle, watch, key, etc. His aphasic defect was at times 
evealed by this test, but did not vitiate it. When he failed to name, he could describe. 
Examples: corn, “‘I know what it is. I have raised a lot of it at home this year . . . corn 
t is’; child’s wagon, “tricycle; no, it is not a tricycle which is a bike with three wheels. 
| know what this is; my boys have one at home, but I do not remember the word”’’; 
lag, “that is what we salute . . . yes, the flag’; key, “‘you lock with a key.” 

At times it was evident that there was, in addition, a difficulty with object recognition, 
particularly animate objects. Shown a picture of a squirrel, he answered, “‘A bird? 
No, acat. I always recognize cats by those (indicating whiskers).’’ Pointing to a picture 
f a cat on the same page, he added, ‘“‘This is a cat, too. Both of them are cats. I 
can recognize cats from dogs because of these (whiskers).”’ Shown a little bird, a 
cock, and a goose on the same page, he paused at the picture of the little bird, ““We 
have lots of birds like that around our house,” but failed-to recognize the cock or 
goose though indicating differences between the two. A few minutes later, shown the 
same three pictures on a page, scattered among nine others, he immediately and without 
being asked said, ‘“‘That is No. 2 of the birds from before and that is No. 3.” 

Of the four drawings with absurdities from the Terman-Merrill Intelligence Test, 
he easily found the absurdities in two. In one, a dog chasing a rabbit in the wrong 
direction, he failed probably because he did not recognize the animals. In the last 
one he had some difficulty but found the absurdity. 

In a series of four coloured pictures with an easily understandable situation, but 
where the key was in the expression of the characters’ faces, he failed completely. 
He explained different details, but did not see that they were continuous. In only 
one of the situations did he recognize the significance of the facial expression. 

With the more elaborate of the Thematic Apperception Tests, he sometimes succeeded. 
Several pictures were correctly visualized and described. He tended to describe details 
rather than his impression of the whole picture, and a complicated scene was slowly 
analysed, in terms of its integral parts, before the whole could be synthesized and 
recognized. 

He failed to recognize some of the same pictures a fortnight later. Though the drawing 
of the squirrel had been discussed on the previous occasion, he now answered, “This 
is a strange cat with his tail sticking up. I guess it is perhaps not a cat.” He also 
neither recognized the bird, goose, and cock nor recalled seeing them previously. 

Recognition of faces from photographs—He was shown photographs of himself, 
members of his family, friends, attending doctors, and important persons, such as 
the President of the United States. He failed to recognize any. 

He had two photographs, one of himself and another of a friend taken in the same 
aeroplane in the same position, each wearing a helmet, and only the faces appearing in 
the cockpit. The photographs were identical except for the faces. The face sizes 
were the equivalent of 2 degrees at 33 cm., but were easily identified by the examiner. 
Although he knew that one of these was his own, he could not say which. He had a 
similar difficulty when shown a group photograph of his own four children. He readily 
recognized the only girl as a girl, and the tallest boy as the eldest, because of his height; 
but, although the other two bore each other little resemblance, he could neither 
name them nor say who was the elder. 

On a later occasion he was shown several photographs including one of himself, 
one of his children, and one of a next-door neighbour. These were obtained from his 
wife without his knowledge. A few minutes earlier he had proudly stated that he was so 
improved he could recognize any of his own and his children’s photographs; yet now 
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he could neither recognize any of the photographs nor say whether or not he had ever 
seen these people before. 

Orientation —He was correctly orientated in time and place. 

Memory for earlier events was fairly good and not significantly altered. His own 
birthday and year were given correctly without hesitation. He did, with some difficulty, 
calculate the year he left school, and readily named the schools he attended. He 
remembered the names of places where he lived since leaving school. He gave his 
own age and the ages of his wife and four children correctly. 

His topographical memory was strange: the seeming paradox existed that he could 
find his way from home to hospital and around the hospital, but yet could not name 
streets en route or appear to visualize the topography. This will be discussed later. 
Though not noticeable to the nursing staff, he was rather slow learning the hospital 
geography, but once learned it was not forgotten. 

Tests of his memory for the spoken word revealed a nominal aphasia, but only for 
uncommon objects. There appeared to be little recognition difficulty—he paraphrased 
and selected the correct name when offered alternatives. Though he sorted colours 
correctly, he could name accurately only white, red, and black. He appeared to have 
no colour image. Thus, on failing to name green and being asked whether the object 
was green, he answered, “Grass is green. Is this green? Maybe. I don’t know, 
but I should know green.” 

Memory for music.—He could recognize and reproduce tones and tunes in an average 
manner and believed that this faculty was unchanged by the accident. 


ABILITY TO VISUALIZE FROM MEMORY 
(Two years after the accident) 

He was requested to attempt to visualize and describe acquaintances 
from his pre-accident life. After long contemplation he believed he 
could recall one school teacher very well, but failed to describe his 
appearance; nor did he appear able to visualize him. His recall was of 
mannerisms and personality features.. Similarly with school companions 
and Air Force comrades, though unable to recall their visual appearances, 
he had an impression of them: of their behaviour, of his liking or dis- 
liking them, etc. 

A lack of visual memory also appeared to exist for persons with 
whom he had close contact since the accident. He mentioned this spon- 
taneously when asked to describe a person he knew only in childhood: “I 
cannot; it is just as if you went outside the door, then I would not be 
able to visualize you either.” His verbal description of one of the 
attending doctors whom he had seen many times and whom he could 
immediately recognize from the first few spoken words was extremely 
poor, and it was evident that he could not visualize him. When trying to 
visualize his daughter, he said, “I can draw her for you. She has hair 
like this . . .” and proceeded to draw a head with straight and disarrayed 
hair, whereafter he proudly showed as control a photograph of a pretty 
girl with curls, neatly combed. His verbal description and line drawing of 
a model was, on the other hand, considerably better than those from 
memory. 
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His performance with recall was always worse than his opinion would 
imply. He felt that he could visualize a cow, but other than mention a 
few general descriptive terms, such as that the cow had horns, it was 
clear that he had no visual image. He did, however, volunteer that 
colours never came to his mind, and further that most things he tried to 
visualize “‘seemed just about to appear,”’ but somehow or other they would 
never stay in his mind so that he could study and describe them. He 
seemed best able to recall shapes, sizes, and outlines. 

Dreams.—Though not certain, he believed that he occasionally 
experienced dreams, and that they were in some ways visual. Despite 
several requests that he record his dream details, he failed to do so 
stating that, on awaking, he had no memory of their content, visual or 
otherwise, and that he had never dreamed frequently. He was not aware 
of any difference between his pre- and post-accident dreams. However, 
the more closely he was questioned the less likely it appeared that he 
did experience visual dreams. In this respect his performance with 
visual recall of friends was very similar, and may explain how, because 
he could recall a certain pattern of characteristics, he imagined that 
he also could recall visually. 

A psychologist’s record based on the Bender-Gestalt and Wechsler- 
Bellevue suggested localized organic disturbance; and the Similarities 
Sub-test indicated impairment of abstracting ability with a resulting 
concretistic thinking. The Information Score was considered to be low. 

The Minnesota Multiphasic test was interpreted as suggesting a 
person fleeing into activity to escape feelings of inadequacy and depression, 
the patient feeling himself to be odd, different, and isolated from others; 
and that he was somewhat schizoid, with an exaggeration of this tendency 
since his accident. 

PRESENT STATUS 

In spite of his visual disturbance, the patient is (thirty months after 
the accident) getting along very well. He works as a tool dispatcher. 
He drives a car to and from work. In his spare time he does carpentering 
and repair work in and around his house, takes care of the garden, views 
television, and on weekends often goes camping and fishing with his family. 
In many ways he compensates for his poor visual recognition with the 
help of his other faculties, especially hearing; and has been able to 
provide for his family during the past two years. 


COMMENT 
In a clinical situation, were this man’s visual recognition defects 
not present, he would be considered as showing: very mild intellectual 
deterioration, mild dyslexia and dysgraphia, a moderate dyscalculia, 
and no significant neurological findings, post-traumatic in etiology, 
with an excellent social adjustment and rehabilitation. 
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Against this pale and not so uncommon background, however, his 
inability to recognize familiar faces stands out. The disproportionate 
severity of this particular disorder must be emphasized. The concern 
is to analyse the defects of function which might explain the disorganized 
nervous activity underlying this phenomenon—if the condition is not a 
hysterical symptom, as has been suggested regarding Goldstein’s and 
Gelb’s patient, Schn. (1918). Such a strangely unusual symptom im- 
mediately suggested hysteria, but that impression remained otherwise 
unsupported. The defect had not been closely examined previously, he 
was anything but suggestible and subtle attempts at suggestion of closely 
similar defects were without success. The pattern of responses to test 
situations was organic. His adjustment, despite the severe handicap, 
was excellent—all in all, the clinical impression had to be that this was 
not hysteria or simulation, but, like his aphasia, was a symptom of 
deranged nervous function. 

Consideration may then be given to the question, whether the defect 
lay in the physiological or psychophysiological sphere; that is, whether 
the primary physiological mechanism could elaborate the sense data to 
form an adequate basis for perception, or whether the psychophysiological 
processes of perception were at fault. Physiological processes are 
capable of quantitative determination, and in this case, despite the 
excellent visual acuity and full visual fields as tested by routine methods, 
tachistoscopy revealed evidence of impaired function. Moreover, his 
answer to the question, “What is your difficulty recognizing a face?” 
had, it is felt, considerable significance: “‘I see the whole face—the bit 
I am looking at (pointing with his forefinger to a spot on the questioner’s 
chin) is quite clear—I see every single hair quite clearly—but everything 
else is different, as though there was a thin layer over it all, or as though 
it were out of focus. I feel that if only I could move something, everything 
would be clear—then I would have no difficulty.” Some six months 
later to the same question he replied, ““The face is almost too clear. .. . 
I see all of it at the same time,” but he felt that in some way or other he 
could not form a picture of the face as a whole, that “It is out of focus, 
not under-focused, but over-focused.” 

These answers suggest that, while he sees and recognizes outline, 
shape, and size, detail is not seen except in a very small area of central 
vision—an area which would correspond with the only intact part of 
his tachistoscopic visual field for colours and depth. As seen in fig. 1, 
his field for colours and depth has a 2-degree limit for up to } second, and 
does not open to 5 degrees till + second. 

This evidence would suggest that complete resolution of visual images 
occurs only in the very small intact central field, prolonged reaction 
time being the apparent cause. If time alone were, however, the sole 
operative factor, it would be reasonable to expect that by fixing gaze 
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on each point inspected for say 4 to 2? second, resolution of images in 
a much larger field would be complete. This did not occur except for 
surfaces homogeneous in terms of colour and depth. Further, because 
of his slow tachistoscopic reaction time, if gaze is moved voluntarily or 
involuntarily more frequently than 5 per second, a field of only 2 degrees 
is possible during a 3-second exposure—a two per second movement 
would allow a 10 degree visual field during a $-second exposure. 

Evidence has been introduced by Adler and Fliegelman (1934) and 
Lord and Wright (1948) (though these authors do not agree about the 
mechanism, nor is the mechanism relevant) that when the eye is stren- 
uously fixating a stationary cross-hair, it is not at rest: that even when 
it is steadied, small trembling movement of 5—10 per second frequency 
may be seen in photographic records, with an average retinal movement 
of 2 minutes and 14 seconds; and that a point image must move back 
and forth over several cones, and at no time will it come to lie still on 
a fixed cone pattern. Thus, it would seem necessary for full resolution 
of point images that the physiological visual mechanism must have a 
reaction time of less than 4} second. In the present case, the reaction 
time for colour and depth was of a much larger order except in central 
vision, suggesting the explanation for the blurring of all but the small 
central area of the visual picture to be imperfect resolution of images 
due to insufficient point exposure. 

Bay (1953) has found that inability to recognize a face (prosopagnosia) 
occurred in cases of high-grade visual field constriction (to 5 degrees) 
from whatever cause. He cited patients with retinitis sclopedarie and 
glaucoma in whom the effective visual fields were reduced to less than 
about 5 degrees. In these the difficulty apparently was in the synthesis 
of the portions seen to construct the whole. He believed that the face 
is a distinguished Gestalt phenomenon which can arise only from percep- 
tion of the whole face as a whole. A face to be recognized except on the 
basis of one or two conspicuous features, has to be resolved, though as 
an unconscious process, in terms of texture, composed of fine points 
of varying depth and colour. 

In this patient’s situation, despite his normal perception of shapes 
and sizes, the handicap imposed by his imperfect resolution of texture, 
in all except a small area of central fixation, is essentially one of tunnel 
vision. Could, then, the entire difficulty with visual recognition be 
explained by this tachistoscopic tunnel vision? It is tempting, though 
not possible, to accept this plausible explanation. In the first place, 
he was unable to distinguish his own photograph—the one in the aero- 
plane—from that of his friend, or his one child from the other. In these 
photographs the face sizes were 2 degrees at 33 cm. and so, presumably, 
within the field of full resolution. The photographs showed fair definition, 
and were readily recognizable by others; nor did he suggest that he could 








104 DONALD MACRAE AND ELLI TROLLE 


not see them clearly. Moreover, a black-and-white photograph in two 
dimensions does not require resolution in terms of colour and depth. 
Secondly, despite Bay’s view regarding the effect of constricted visual 
fields on the recognition of faces, it can be stated that, with his visual 
field normal at 33 cm. for 2 degrees, the longest diameter of an average 
face (15 cm. x 23 cm.) would fall within the intact portion of his field 
at 16 feet—a distance at which a face is readily recognizable; indeed the 
ordinary person of good vision recognizes a face at some 20 yards, which 
is the equivalent of 0°5 of a degree at 33 cm. Thus, the evidence cannot 
support the idea that the defect of visual recognition is based on impaired 
visual function and allows consideration of a defect existing at a higher 
physiological level. 

Several questions now arise. Was there a defect of abstraction and 
judgment or dementia of sufficient degree? Did he lack visual memory? 
Did he have a visual symbol of himself which he could mentally visualize 
or, at least, compare with his photograph or mirror image, and, if so, 
was the failure one of ability to compare and contrast? 

Examination revealed little defect in judgment or abstraction in other 
psychological processes. Indeed, his ability with processes related to 
hearing was of a very high order, and he showed certain abilities within 
the visual sphere. He could recognize a face as a face, and distinguish 
a female face from a male one, and an old one from a young one. He 
stated that he could see the face outline and shape and that the female 
hair differed from the male; that the presence of whiskers denoted the 
latter, and wrinkles, age. His colour sorting was normal. Thus, he could 
make certain conscious abstractions, but still could not recognize a 
particular face unless that face had a characteristic feature, e.g. a mole, 
blinking tic, etc. 

His failure to recognize the aeroplane photograph in the presence 
of apparently adequate sense data, despite his fairly intact ability to 
compare and contrast, would suggest that the key to his difficulty might 
be an absence of a visual image of his own face to be used for comparison. 
His description of his own face was one from the present and based 
solely on three features: black hair, receding hairline, and two moles 
on his cheek. Thus, he appeared to have no visual image of the whole 
face, either from past or present, other than a memory for three con- 
spicuous features—a “‘mnemotechnic” memory. 

His clinical history revealed abundant evidence of this lack of visual 
imagery and will be, in part, reviewed. Despite his inability to recognize 
colours, his ability to distinguish shades of the same colour, without 
introducing time, was normal, indicating a high ability for comparing 
and contrasting visual relationships. Yet when asked whether he could 
visualize green, he replied, ‘““Of course, grass is green.”’ But when asked, 
“What about the golden brown grass of California?” he admitted knowing 
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that grasses could have different colours, and that he found this disturbing, 
as he could not visualize grass, green or golden. Similarly, he could 
ascribe the colour yellow to a lemon, and red to a strawberry, though 
lacking the ability to visualize or recognize colours with the exception of 
black, white, and red. In this respect he was very similar to the original 
example of chromamnesia, Charcot’s patient (1883). 

He could not visualize any face known to him before, or since, the 
accident, nor any animal. When trying to visualize an animal he verbal- 
ized descriptive features and then felt that he had a vague mental picture, 
but one which immediately eluded him. He had no insight into this 
defect of visual imagery prior to being questioned. 

His defect of visual imagery appeared during tests requiring the 
recognition of simple black-and-white drawings, e.g. of a squirrel and 
cat on the same page. Both were named “cats,” not because of aphasia 
or perseveration. He explained that he could always recognize a cat 
by its whiskers, and as each animal had whiskers, each must be a cat. 
Dogs he distinguished from cats by the absence of whiskers, but this 
negative characteristic led to further complication: a goat, not having 
whiskers, could be a dog. He had less difficulty with the actual animals, 
being then aided by such factors as size and sounds. The names he could 
use appropriately, knowing the distinguishing features of these animals 
in terms of behaviour, uses, etc., but the word “‘dog” evoked for him, 
visually, an animal without whiskers which could not be identified 
from pictures, but could be from behaviour and sound and, to some 
extent, size. For this mnemotechnic method of visual recognition he 
employed considerable conscious abstraction, but it frequently proved 
unreliable. 

His excellent ability to sketch an outline of his motor car, home, 
etc., was somewhat surprising in view of his poverty of visual imagery. 
Goldstein and Gelb (1918) emphasized that their patient, Schn., did not 
have visual images, but, nevertheless, could write and draw. They 
concluded that writing and drawing had no correlation with visual 
images. The normal ability of the present patient to recognize shapes and 
size at high tachistoscopic speed, despite his difficulty with depth and 
colour, may be related. 

Thus, there is considerable evidence which suggests that two major 
defects of total visual function exist: first, the tachistoscopic tunnel 
vision for colours and depth; second, an almost complete absence of 
visual memory for faces, animate objects, and colour. 

At this point it is necessary to ask whether the defect of visual imagery 
by itself would account for his agnosia. Loss of visual imagery was 
first reported by Charcot (1889). His patient had no visual memory 
for form or colours, wife, or children, yet he could recognize them on 
sight. Brain (1954) has reported two cases with loss of visual imagery 
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as the sole sequel to a head injury—they suffered no recognition difficulty. 
In Spalding’s and Zangwill’s case (1950) there was in addition to loss 
of visual imagery a loss of memory and ability to calculate, thus approxi- 
mating the present case more closely, but there was no recognition 
difficulty. As concluded by Brain (1954), “loss of imagery does not 
involve loss of recognition.”” This can be further exemplified from the 
history of this case: he had no visual image of his home, his car, a face, 
his personal possessions, etc., but yet he could draw a plan of his own 
home, find his way there by car and recognize it, draw a face, recognize 
objects—and innumerable such examples. 

Further, though Bay (1953) and Critchley (1953) give some emphasis 
to the role of dementia in agnosia, it cannot conceivably play a part in 
this case, nor did it in one of Bay’s cases. While dementia can so reduce 
the faculties of abstraction, synthesis, and judgment as to interfere 
seriously with recognition, the whole history of this case dismisses it 
as a serious consideration, even in a subsidiary role. Moreover, though 
almost all patients, except Bay’s (1953), showed evidence of intellectual 
deterioration of some degree, the one patient with agnosia but no dementia 
definitely excludes dementia as an essential cause. 

Analysis of the data allows the conclusion that neither the defect 
in the primary sensory process, nor loss of visual imagery separately or 
compounded form an adequate explanation of the defect underlying the 
failure of visual recognition. But that these two defects may be related, 
in terms of the situation of the lesion resulting in the derangement of 
visual recognition, remains possible, and forms a basis from which this 
derangement may be given further consideration. 

To recognize an object, the patient must convey adequate visual 
sense data to a receptive neuronal mechanism which then can respond to 
this information, and compare and contrast it with data previously 
acquired to match it with the appropriate pattern, and when matching is 
complete convey the information of this completion (i.e. discrimination) 
by many linkages to the many mechanisms which allow appropriate 
responses, e.g. emotion, motor activity, recognition in consciousness. That 
the previously acquired pattern for matching is not the visual image which 
is revisualizable is evident from the absence of agnosia in cases of 
irreminiscence, but it would be reasonable to expect that there is a 
close neuronal linkage between the mechanisms elaborating each of these 
psycho-physiological functions. 

The question may be considered whether the defect of function is 
one of the receptive mechanism (Brain’s “receptive schema,” 1950, 
1955), or of its linkages with other mechanisms. It is conceivable that a 
receptive mechanism can, on an unconscious level, match the sense data 
with previously acquired patterns, convey this information to other 
mechanisms (e.g. those elaborating emotions, etc.) and yet, due to a 
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defect of linkage, fail to be recognized in consciousness. There is no 
evidence that this in fact occurred, but the evidence is that despite the 
absence of visual images which are revisualizable he can in most instances 
abstract from the sense data the key for matching with other patterns 
and recognize in consciousness, say, a motor car, or a man with a facial 
tic, but not his own photograph even when sufficiently small to be within 
the limits of full visual resolution. Here the sense data are adequate 
and he recognizes that it is a face, so that the receptive mechanism is 
intact to that extent, but there appears to be failure in the matching 
process in discrimination between particular faces. 

Is this because the receptive schema is partially injured so that it 
can respond to simple data but not to the more complicated data of 
face recognition? In the field of colour, without introducing time or 
visual recall, all he lacks is the ability to apply the appropriate name, 
i.e. a defect in the linkage between the pattern of colour discrimination 
and colour naming. In the case of his photograph the defect could also 
be in the matching process and due to the loss of a “face image,” i.e. of 
the pattern for matching, and of the ability to acquire a new one. This 
inability to acquire a new pattern for matching is difficult to explain 
as due to inadequate sense data. It could be due to a defect of function 
of the receptive schema in forming patterns of abstraction of a complicated 
kind. If this is so, the tachistoscopic tunnel vision may be a finding 
unrelated to the defect of function, but in the recognition of faces at 
close distances it may impose added difficulties by restricting the sense 
data. However, though this defect has been considered as one affecting 
the physiological activity of the primary sensory process, it could well 
be a manifestation of a defect in the receptive schema, which, though 
elaborating psychophysiological functions, is also a_ physiological 
mechanism; and is responding completely only to the data from the 
more dominant macular areas. In this respect it is of interest that for 
the colour red, which he can recognize and name so that all linkages 
are near intact, the tachistoscopic field is near normal. 

It seems then probable that the visual agnosia for faces existing in 
this patient represents a defect of physiological function in the receptive 
mechanism which elaborates the psychophysiological processes of recogni- 
tion and that the accompanying loss of visual imagery and tachistoscopic 
field defects for colour and depth recognition represent defects of function 
of neuronal structures functionally closely linked with the receptive 
schema rather than that they are the explanation of the agnosia. 

The localization of the deranged function.—In the present case there 
is evidence of focal defects: first, a mild but definite nominal aphasia, 
which could be distinguished from object agnosia by the patient’s ability 
to select the correct name from alternatives, and to illustrate their uses; 
secondly a more pronounced dyscalculia ; thirdly, a mild dysgraphia 
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and dyslexia. The dyscalculia, in particular, was an obvious “punched out” 
deficit in his performance. Clinically these co-existing signs would 
indicate a left temporo-parietal lesion. Though the pneumoencephalogram 
provided no supporting evidence for the co-existence of a right parietal 
lesion, the defect of optokinetic nystagmus to the left, the slight depression 
of flicker fusion on the left, and the greater involvement of the left homony- 
mous tachistoscopic field all continued to indicate such a lesion. 

The EEG suggested abnormal activity in both parietal areas. With 
regard to the visual field defect demonstrated, there is no body of experi- 
ence to indicate the site of the causative lesion. Bay (1953) considered 
that the lesion in his case was in the calcarine area. 

In Spalding’s and Zangwill’s case (1950) with loss of visual imagery, 
memory and ability to calculate, the lesion was a left parieto-occipital 
wound. Nielsen (1946) has associated loss of revisualization with a 
lesion of Brodmann’s area 19. The available pathological evidence, 
as reviewed by Nielsen (1937), would indicate the localization for object 
visual agnosia to be the second and third occipital convolutions of the 
major hemisphere. 

The present case does not add to the body of knowledge regarding 
localization of function for visual gnosis. The study, however, indicates 
the probability of biparietal damage, with the major lesion in the dominant 
hemisphere. 

The mechanism elaborating the psychophysiological processes of 
visual recognition must have widespread neuronal connexions for the 
organization of data, internal and external. In this respect it is akin 
to that of speech which clinical neurology accepts as being predomin- 
antly organized in one area of localization. Like speech the process 
of visual recognition appears susceptible of deranged function in differing 
areas of its activity, both anatomical and functional. 

Moreover, it does not appear necessary to postulate a topographical 
gnostic centre on the basis that an anatomical lesion in a particular 
situation results in the clinical syndrome of agnosia, nor to deny that 
there is a particular area of neuronal organization which, though widely 
integrated, plays the dominant role in the immediate nervous activity 
of responding to visuo-sensory data, elaborating the psychophysiological 
process of comparing and contrasting, discriminating by correct matching 
of the sensory pattern with previously acquired patterns, and feeding 
the information through neuronal connexions to the fields of activity 
on an unconscious level and into consciousness for recognition. It 
appears possible that failure of visual recognition might stem from a 
derangement of activity at any level of function of this receptive schema 
and that the resulting clinical syndrome will be determined by both the 
level and severity of the lesion. The demonstration of failure of visual 
recognition due either to inadequate sense data or to dementia does not 
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form grounds for the abolition of the term agnosia to describe a defect 
in a psychophysiological process, but is a clinical indication of the 
situation at which the defect of nervous activity exists in the particular 
case under analysis. That the restricted vision of glaucoma results in 
difficulty in recognizing faces is then no more than that a patient cannot 
see because his optic nerves are damaged, and is not a denial of the 
existence of visual agnosia in the plane of psychophysiological defects. 


It is difficult to compare this case with any other in the literature. 
In all, except Bay’s case and the present one, fairly marked or severe 
defects in the visual fields, usually in both half-fields, were present with 
impaired visual acuity to one-fifth or less. In only a few other cases, 
Goldstein and Gelb (patient, Schn., 1918), Stein and Biirger-Prinz 
(1932), and Best (1952), has the “Funktionswandel” been considered. 
In the case of Stein and Birger-Prinz, the agnostic disorder was explained 
on the basis of pathological physiological defects. In the latter case, 
Best felt the abnormal “Funktionswandel” did not adequately explain the 
agnosia and that a further explanation was necessary. Bay has changed 
his standpoint from considering that a defect of the physiological process 
alone could explain agnosia to one of a combination of a defect of the 
physiological process and dementia of some degree. 


It is the lack of conformity of clinical findings, and in many cases 
inadequacy of clinical investigation, and variance of opinions regarding 
the concept of visual agnosia which prompts this fairly full documentation 
and discussion of a single case. 


SUMMARY AND CONCLUSION 


The history and clinical study of a case of visual agnosia, especially 
visual agnosia for faces, resulting from a head injury, is presented and 
analysed. Despite normal visual acuity and fields, on routine testing, 
a tachistoscopic tunnel vision for depth and colour was revealed. The 
significance of this and of loss of visual imagery is discussed. 


It is concluded that the syndrome cannot be explained on the basis 
of hysteria, dementia, impairment of the primary sensory processes, 
or loss of visual imagery, but represents a defect of the mechanism 
elaborating the functions of the receptive schema; and that the concept 
of a receptive schema as formulated by Russell Brain is further validated 
by the present findings and forms a meaningful standpoint from which 
this and similar cases may be considered for further understanding of 
the organization of cerebral activity. 


The present case is unique in the recorded history of this disorder 
and possibly emphasizes more clearly than before that the clinical syn- 
drome of visual agnosia may represent a pure defect of psychophysiological 
processes resulting from localized cerebral injury to a neuronal mechanism. 
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DISSECTING AORTIC ANEURYSM WITH INFARCTION 
OF THE SPINAL CORD 


BY 


GORDON B. THOMPSON 
(From the Histological Laboratory, National Hospital, Queen Square) 


INVOLVEMENT of the nervous system has fairly often been reported 
subsequent to a dissecting aortic aneurysm. Shennan (1934) noted an 
incidence of 45 in 300 cases, Weisman and Adams (1944) 11 in 38 cases, 
Moersch and Sayre (1950) 12 in 26 cases, Baer and Goldburgh (1948) an 
incidence of 18 per cent. The neurological phenomena associated with 
dissecting aortic aneurysm are the result of diminished blood supply to 
the affected parts. Weisman and Adams distinguish three main neuro- 
logical syndromes: those with impaired arterial circulation and ischemic 
necrosis (1) of the brain; (2) of the peripheral nerves; and (3) of the spinal 
cord. This report is confined to the group in which the spinal cord is 
involved. The histopathological changes in this group have been reported 
previously in 7 cases (Table I, p. 115). Ischzemic changes involving several 
adjacent segments of the spinal cord have been demonstrated in each 
of these cases, Kalischer (1914); Reitter (1916); Weisman and Adams 
(1944); Scott and Sancetta (1949); Schwarz, Shorey and Anderson 
(1950); Moersch and Sayre (1950); Ballantine (1952). In their case No. 10, 
Warren and McQuown (1948) state that “the pathological findings were 
consistent with an infarction of the anterior spinal artery in the lower 
thoracic and lumbar areas,” the detailed histopathology in this case was 
not given. 

The following description is a case of infarction and softening 
of the spinal cord secondary to a dissecting aortic aneurysm. 


E. E. (Case 49381) a woman of 65, complaining of paralysis of the lower extremities, 
was admitted to the National Hospital, Queen Square, on December 23, 1953, under 
the care of Dr. Purdon Martin. 

The patient had been feeling well eight days previous to admission. She was awakened 
during the night by an excruciating pain in the back and chest, extending in a band 
below the costal margin, and up into her neck. The pain was so severe that it was 
relieved only by morphine. She noticed also that she was paralysed and had altered 
sensation in her lower extremities. Retention of urine with overflow incontinence, 
and constipation followed. Two days later she was admitted to another hospital where 
a clinical diagnosis of dissecting aortic aneurysm was made. Her blood pressure 
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was 140/90 mm.Hg. On the third day of her illness, she had “‘periods of coma and 
cyanosis.”” The next day she had regained consciousness, and had weakness of both 
her legs. The deep tendon reflexes in her lower extremities were present. On the 
fifth day the deep tendon reflexes in her legs were now absent, and a sensory level 
at D3 on the left and DS on the right was present. Appreciation of deep pain and of 
movement of large joints remained. In her legs and lower abdomen the patient was 
able to appreciate the warmth of the water when being bathed, and knew the position 
of her legs. She did not appreciate bladder sensation and required catheterization, 
which caused no discomfort. Her bowels had not been open since the onset of her 
illness. Her legs remained paralysed. Laboratory investigation: Lumbar puncture 
showed a normal pressure with no evidence of a cerebrospinal subarachnoid block; 
Cells 1 per cu.mm.; Protein 90 mg. per cent; Blood Urea 51 mg. per cent; Blood Sugar 
220 mg. per cent; W.B.C. 6,600 cu.mm. 

The patient was transferred to the National Hospital, Queen Square, eight days 
after the onset of symptoms. 

She was a poor sensory witness, disorientated in time, but not place or person. 
The cranial nerves were normal. Motor system: The upper limbs were normal. The 
patient was unable to sit up without support. On flexion of her neck against resistance 
there was no deviation of the umbilicus. There was an areflexic flaccid paralysis of the 
lower extremities. The abdominal reflexes were absent. There was a bilateral contrac- 
tion of the hamstrings to plantar stimulation. Sensation: Appreciation of passive 
movement was preserved at the ankles, but sensory loss to all other modalities was 
present, there being an indefinite level in the mid-thoracic region. The anal sphincter 
was lax. 

The general examination revealed, an obese woman, with minimal ankle oedema. 
The tongue was dry and coated. The radial pulses were regular at 76, and of equal 
volume. The peripheral vessels were thickened and the pulses were present and of 
comparable volume. The blood pressure was 140/90 mm.Hg. The apex beat was 
present at the anterior axillary line and thrusting in character. The trachea was 
central. The chest was resonant to percussion. There was vesicular air entry with 
scattered rhonchi in the lungs. Epigastric pulsation was noted. The liver was palpable. 
The spleen was not palpable. The bladder was distended. Abdominal tenderness was 
not present. Free fluid in the abdominal cavity could not be detected. A small bed- 
sore was present on one buttock. There was a large blister over the right ankle. 

The patient’s condition remained unchanged until the day following admission 
when, while sitting up eating her breakfast, she suddenly collapsed without warning. 
She appeared shocked, the pulse could not be obtained. The blood pressure was 
unrecordable. The patient rapidly became cyanosed, failed to respond to stimulants 
and died shortly afterwards. 

Post-mortem examination (Dr. W. G. P. Mair).—The pleural spaces and pericardial 
sac did not contain any blood. The abdomen was filled with blood and blood clot 
extruded from a rupture on the right side of the aorta. Extensive hemorrhage had 
taken place into the retroperitoneal tissues and a large amount of blood clot was present 
around both kidneys, but more massive on the right. 

The heart weighed 325 grammes. The left ventricle was hypertrophied. No lesion 
was found in any of the valves, and there was no gross lesion of the coronary arteries. 

The ascending aorta and arch of the aorta presented only a slight degree of degenera- 
tive change. There was no evidence of syphilitic aortitis. The innominate and the 
left subclavian arteries were patent. A small intimal tear was found at the origin 
of the left common carotid artery and hemorrhage had taken place into the media 
of the proximal 1-5 cm. of this vessel. About 1-5 cm. distal to the left subclavian 
artery a transverse intimal tear 3-0 cm. in length was present in the posterior wall of 
the aorta. 
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A dissecting aneurysm involved the descending thoracic and abdominal aorta and 
entered into the proximal part of the common iliac arteries. The posterior wall of 
the aorta in the upper thoracic region was 1-5 cm. thick (fig. 1A, Plate V), and at the 
diaphragm 0-5 cm. thick (fig. 1B). Just below the origin of the renal arteries the 
posterior wall of the abdominal aorta was 2-5 cm. thick (fig. 1c). The thickness of 
the posterior wall of the aorta diminished rapidly near the bifurcation of the aorta. 
Numerous atheromatous plaques were present. 

In the posterior wall of the aorta, paired ostia of eight intercostal, and three lumbar 
arteries were identified. The course of these vessels was traced into the retroperitoneal 
space. The right Sth, left 6th and 7th intercostal arteries in their intraparietal course 
were found to be stretched. The course of the remaining intercostals and lumbar 
arteries were interrupted near their origin. Thrombus was present in the first lumbar 
arteries. 

The brain, brain-stem, cervical spinal cord and first four thoracic segments did 
not present any lesion, but the remaining part of the thoracic spinal cord was swollen 
and soft. A cut across the ninth thoracic segment showed a zone of hemorrhage. 
No lesion was observed in the lumbar and sacral regions of the spinal cord. No other 
changes of pathological significance were found in the body. 

Histology of the spinal cord.—The fourth thoracic segment presented softening of 
the posterior part of the left posterior grey horn and the white matter immediately 
around it, and infiltration of these regions by compound granular corpuscles. Chroma- 
tolysis of nerve cells in the anterior grey horns and the intermedio-lateral group was 
present. Swelling of myelin sheaths and axones was noted in the lateral columns, 
particularly on the left. 

The fifth thoracic segment (fig. 4) presented minute hemorrhages in the grey matter 
on the right and softening of both posterior grey horns, and infiltration of them by 
compound granular corpuscles (fig. 2). Swelling of the myelin sheaths had occurred 
in both lateral columns, and around the grey horns in the posterior white column. 

The sixth thoracic segment presented small hemorrhages and necrosis around the 
central canal and in the left grey horns and infiltration by compound granular corpuscles. 
Degenerative changes were present in the myelin around the necrotic grey matter. 
Similar changes of a lesser degree were present in the grey horns on the right side. 

The seventh thoracic segment (fig. 4) showed almost complete necrosis of the grey 
matter, only part of the right posterior grey horn remained intact. The white matter 
around the damaged grey matter was also degenerate leaving only a zone of myelin 
around the periphery of the segment. Similar changes were seen in the eighth thoracic 
segment. In the ninth (fig. 4) a lesion of similar distribution occurred. Extensive 
hemorrhage in this segment and little cellular reaction were present. 

The tenth thoracic segment was similar to segments seven and eight. The eleventh 
presented necrosis of the anterior grey horns and the immediately adjacent white 
matter. The posterior grey horns and the myelin around them were more or less intact. 

The twelfth thoracic segment (fig. 4) presented necrosis of the right anterior grey 
horn and the ventral part of the posterior grey horn. The necrotic area contained 
compound granular corpuscles (fig. 3). ““Ghosts’’ of the nerve cells of Clarke’s columns 
remained. Degeneration of nerve cells was seen in the left anterior and posterior grey 
horns. 

The first lumbar segment showed chromatolysis of some anterior horn cells and 
cells of Clarke’s columns, but there was no evidence of infarction. 

Pathological changes were not noted in the leptomeninges of the damaged segments 
of the spinal cord. Occasional areas in the peripheral zone of myelin showed swelling 
of the myelin sheaths and axones. 

No lesion was found in the cervical, upper three thoracic, lower four lumbar and 
the sacral segments. 
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DISCUSSION 


In considering the spinal cord lesion and its characteristic distribution 
in these cases, the blood supply of the spinal cord will first be referred to. 

The upper half of the spinal cord receives its blood from the vertebral 
arteries,and supra-aortic intercostals, which are branches of the ascending 
cervical and costo-vertebral arteries; and the lower half of the spinal cord 
from the dorsal rami of the aortic intercostals, lumbar, ilio-lumbar and 
lateral sacrai arteries. Each spinal artery divides into three branches, 
one of which, the lateral spinal artery, provides blood for the spinal 
cord and its coverings. The terminal branches of the lateral spinal artery 
are called radicular arteries. Kadyi, referred to by Tureen (1938) pointed 
out that only about one-quarter of the nerve roots are accompanied by 
these radicular arteries. In the adult, six to eight anterior radicular arteries 
occur, and from five to eight posterior radicular arteries (Suh and 
Alexander, 1939). The anterior radicular arteries have a larger calibre than 
the posterior radicular arteries. The largest radicular artery is found in 
the upper lumbar or lower thoracic region as an unpaired structure. 
Between the lower cervical cord and the ninth or tenth thoracic segment, 
usually only one or two anterior radicular arteries are found. 

The segmental character of the spinal circulation is reinforced by the 
development of intersegmental arterial chains through the anastomoses 
of ascending and descending branches of adjacent radicular arteries. 
Three primary chains are formed; a single anterior spinal artery which 
extends the entire length of the spinal cord, overlying the anterior 
longitudinal fissure; a pair of posterior spinal arteries situated near 
the line of entrance of the dorsal root fibres. From these three primary 
anastomotic channels arise pial vascular networks, and the penetrating 
arteries of the spinal cord (Tureen, 1938). 

The anterior spinal arterial system contributes most to the spinal 
cord circulation, and supplies the anterior horns, central grey matter, 
the lateral horns, Clarke’s columns, the lateral and anterior white columns, 
and the ventral part of the posterior white columns. 

Schwarz, Shorey and Anderson believe that the spinal cord can be 
seriously damaged if the upper intercostal arteries are severed, and that 
the spinal cord can be totally destroyed if, in addition, the upper lumbar 
arteries are involved. 

Eight cases of dissecting aortic aneurysm with involvement of the 
spinal cord are outlined in Table I. The points considered are (1) the 
segments of the spinal cord involved by ischemia; (2) the distribution 
and severity of the lesion in the spinal cord; (3) the involvement of the 
intercostal and lumbar arteries by the dissecting aneurysm. 

The mid and lower thoracic is the most severely damaged part of 
the spinal cord. The upper level of the lesion was about the junction of 
the upper and middle third of the thoracic cord, except in the case of 
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Author 


Kalischer 
(1914) 


Reitter 
(1916) 


Weisman and 
Adams 
(1944) 


Schwarz et al. 
(1949) 


Scott and 
Sancetta 
(1949) 


Moersch and 
Sayre (1950) 


Ballantine 
Cabot Case 
No. 38351 
(1952) 

Case described 
in this paper 


Extent of lesion 


**Lower thoracic 
region” 


T.6 to L.3 


T.5 to 8.5 


T.6 to “sacral 


cord” 


340k 


“Lower thoracic 
to sacral 
region” 


T.4 to T.12 


T.4 to T.12 


TABLE I 


Severity and distribution of 
lesion 

Ischemia of grey matter, 
chromatolysis of nerve 
cells; white matter intact 

Necrosis of grey matter, 
with degenerative change 
in adjacent white matter. 
Peripheral white matter 
was spared 

Necrosis of grey matter and 
subjacent white matter, 
particularly the anterior 
columns. Peripheral white 
matter was spared 

Total cord necrosis T.8 to 
lumbar region. Necrosis 
of grey and adjacent white 
matter and sparing of 
peripheral white matter 
above and below the total 
cord necrosis 

Total cord necrosis T.6 to 
T.12. Grey matter spared 
below T.12 and above 
T.6. White matter was 
damaged below T.12 and 
above T.6 

Loss of central grey and 
adjacent white matter 
with gliosis. Peripheral 
white matter was spared 

Necrosis of grey and ad- 
jacent white matter. Peri- 
pheral white matter was 
spared 

Necrosis of grey and ad- 
jacent white matter. Peri- 
pheral white matter was 
spared 
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Arteries involved by 
the 
dissecting aneurysm 
Intercostal: 4 to 8 

bilaterally, and 9 

and 10, left 
Intercostal: 1 to 8 

bilaterally 


Intercostal: | to 10 


bilaterally 


Intercostal and lum- 
bar shorn off and 
thrombosed 


Intercostal and lum- 
bar shorn off and 
thrombosed 


All intercostal 
stretched or sev- 
ered 

All intercostal and 

upper lumbar 


All aortic intercostal 
and lumbar 


Scott and Sancetta. The lower level of the cord involved in the different 
cases varies from T.2 to S.5. In 3 cases (Weisman and Adams, Schwarz, 
Shorey and Anderson, and Moersch and Sayre) the lumbar and sacral 
regions of the spinal cord were involved, and in 5 cases (Kalischer, 
Reitter, Scott and Sancetta, Ballantine, and the present one) all or the 
major portion of the lumbar and sacral cord was unaffected. 


The distribution of the lesion in 5 cases (Kalischer, Reitter, Weisman 
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and Adams, Ballantine and the present one) is similar. The latter 4 
cases present necrosis of the grey matter and adjacent white matter, 
with sparing of the peripheral zone of white matter. Kalischer’s case 
presents ischemic changes in the grey matter. The case of Schwarz, 
Shorey and Anderson showed complete necrosis of the lower thoracic 
and lumbar spinal cord, but above and below the completely necrotic 
region there was a tapering peripheral zone of healthy white matter. 
The case of Scott and Sancetta, however, had necrosis of the peripheral 
white matter and sparing of the central grey matter below and above the 
completely necrotic region of the spinal cord. 

The cervical and upper thoracic segments of the spinal cord were 
not damaged and the blood vessels supplying them were not involved 
by the aneurysm. In the cases discussed the origin or source of all or part 
of the aortic intercostals and sometimes lumbar arteries were involved, 
and the involved part of the spinal cord showed the changes of ischemia. 
The ischemia and necrosis are not confined to the grey matter but affects 
the adjacent white matter which is farthest from the surface blood supply, 
and lies in the terminal distribution of the anterior spinal arterial system. 
The spared peripheral zone of healthy white matter in the involved segments 
is difficult to explain, except by a functioning inter-segmental circulation. 
Tureen referred to the presence of a rich vascular network in the pia- 
arachnoid, as a potential collateral arterial chain. In these cases of dissect- 
ing aortic aneurysm the blood pressure, following the acute episode, 
remains elevated, and this may possibly maintain the blood flow through 
the pial anastomoses. 

The group of cases with healthy spinal cord tissue below the lesion 
must have a blood supply to this unaffected region. In 3 of 5 cases, 
that of Scott and Sancetta, Ballantine and the present one, the aortic 
intercostals and lumbar arteries were involved by the dissecting aneurysm. 
This is unlike the case of Schwarz, Shorey and Anderson, where there 
was necrosis into the sacral region of the cord. It is suggested that the 
blood supply to the unaffected lumbar and sacral spinal cord may have 
been derived from tributaries of the iliac arteries. If so it would appear 
that the little-emphasized ilio-lumbar and lateral-sacral arteries can 
be important in the blood supply to the lumbar and sacral regions. 

The order of vulnerability of regions of spinal cord as outlined here, 
would appear to be: (1) the grey matter; (2) the white matter adjacent 
to it; (3) the peripheral zone of white matter. In 6 of 8 cases the grey 
matter and adjacent white matter showed effects of ischemia. In one case 
ischemia of the grey matter was present. The case of Scott and Sancetta, 
in which, below and above the region of total cord necrosis there was 
damage of the peripheral white matter and central sparing of the grey 
matter, is difficult to explain. 
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SUMMARY 


The clinical course and pathological features of a case of dissecting 
aortic aneurysm with paraplegia are described, and 7 previously reported 
cases of the condition are discussed. The pathological changes in the 
spinal cord are described. In 6 of 8 cases the grey matter and adjacent 
white matter show ischemia and necrosis, while the peripheral zone 
of white matter is spared. In one case only the grey matter was involved. 
In 5 cases all or the major portion of the lumbar and sacral regions of 
the cord were unaffected. 


I am grateful to the Medical Committee of the National Hospital, 
Queen Square, and to Dr. Purdon Martin for the clinical details of the 
case; to Dr. W. Blackwood and Dr. W. G. P. Mair for their helpful 
advice and criticism given in the preparation of this paper; my thanks 
are also due to the technical staff of the histological laboratory for their 
assistance; and to Mr. J. A. Mills for his skill in preparing the photographs 
and photomicrographs. 
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LEGENDS FOR PLATES 
PLATE V 


Fic. 1.—Transverse sections taken from the aorta at various levels. The aorta 
was opened anteriorly; the intimal surface is towards the bottom of the page. A 
dissecting aneurysm containing blood clot is present in the posterior aortic wall. 
A, 4:0 cm. below the origin of the left sub-clavian artery. B, At the level where the 
aorta passed between the crura of the diaphragm. c, From the abdominal aorta 
1-0 cm. below the origin of the right renal artery. 

Fic. 2.—T.5 shows necrosis in the left posterior grey horn. The nervous tissue is 
destroyed and compound granular corpuscles have infiltrated the damaged region 
(x 350) (H.v.G. stain) (see fig. 4, T.5 for lower magnification). 

Fic. 3.—T.12 presents a zone of necrosis in the right anterior grey horn and marked 
infiltration by small round cells and large compound granular corpuscles (x 350) 
(H.v.G. stain) (see fig. 4, T.12 for lower magnification). 


PLATE VI 


Fic. 4.—Illustrating the lesion in various segments of the spinal cord ( x 8) 
(H.v.G. stain). T.5—the normal architecture of the left posterior grey horn and the 
adjacent white matter is disorganized (see fig. 2 for greater magnification). The ventral 
part of the dorsal white columns and the lateral white columns adjacent to the grey 
matter show pallor of myelin. The foci of pallor in the lateral columns indicate regions 
where there is swelling of the myelin sheaths and axis cylinders. T.7—the normal 
demarcation between grey and white matter is lost. The apex of the right posterior 
grey horn retains its outline. The rest of the grey matter and the adjacent white 
matter are necrotic. The peripheral zone of white matter is relatively undamaged: 


an occasional focus of pallor is seen in it. T.9—the distribution of the lesion is similar 
to that in T.7, but in addition hemorrhage is present in the necrotic tissue. T.12—is 
the lower limit of the lesion and presents degenerative changes of the right anterior 
grey horn. The degeneration extends into the immediately adjacent white matter, 
so obscuring the demarcation between grey and white matter (see fig. 3 for greater 
magnification). The left anterior and both posterior grey horns presented marked 
cellular reaction. 
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THE RELATIONSHIP BETWEEN 
NEUROHISTOLOGY AND CORNEAL SENSIBILITY 


BY 


P. P. LELE anp G. WEDDELL 
Department of Anatomy, University of Oxford 


INTRODUCTION 


BETWEEN 1894 and 1896 von Frey brought forward evidence in favour 
of the view that it was both possible and desirable to apply Miiller’s laws 
of “‘specific nervous energies” (1840) to each of the four “primary 
modalities’”” of Common Sensibility, touch, warmth, cold and pain. Von 
Frey’s evidence was widely accepted by physiologists as well as clinicians. 
For instance, Sherrington (1900), although aware of the contrary evidence, 
accepted (but not without misgivings) von Frey’s observations at their 
face value. The theory was certainly attractive, for clinicians had long 
maintained that under pathological conditions any one of the primary 
modalities might be lost whilst the remainder were apparently unaffected ; 
moreover, it had the appearance of being a very fruitful working 
hypothesis. 

Perhaps the most compelling of the arguments in favour of the specificity 
of sensory nerve fibres and endings brought forward by von Frey and his 
colleagues arose from their observations on corneal sensibility. They 
stated that pain was the only sensation which could be evoked from the 
cornea and that free nerve endings only were found in this situation. By 
contrast, they found that cold as well as pain could readily be evoked from 
the scleral conjunctiva particularly at the limbus. In this situation they 
accepted and later apparently confirmed that there were numerous Krause 
end-bulbs. 

However, Weddell and his colleagues (Sinclair, Weddell and Zander, 
1952; Hagen, Knoche, Sinclair and Weddell, 1953; Weddell, Pallie and 
Palmer, 1954) have recently drawn attention to the impossibility of 
equating the four commonly recognized modalities of cutaneous sensi- 
bility, touch, warmth, cold and pain, with four morphologically distinct 
kinds of nerve termination in the skin. For this reason, it was considered 
desirable to re-examine the evidence relating to corneal sensibility and in 
the light of this to design further critical experiments calculated to confirm 
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or reject von Frey’s extrapolation of Miiller’s laws to each of the so-called 
primary modalities of Common Sensation. 


LITERATURE 
(1) Neurohistology 

In 1951, Zander and Weddell (1951a) published a critical analysis of 
the literature on corneal innervation. This revealed that there was no 
agreement as to the actual manner in which the corneal nerves terminated. 
However, the presence of circumscribed or encapsulated forms of nerve 
ending was denied by the majority of workers. Using new and improved 
neurohistological techniques, Weddell and Zander (1950) had demon- 
strated beyond reasonable doubt that, in animals as diverse as the dogfish, 
frog, rabbit, monkey and man, all the nerves reaching the cornea termin- 
ated freely in the form of fine, often beaded, filaments which were 
morphologically indistinguishable from one another. 

In 1951, Weddeli and Zander not only showed that it was possible to 
see nerve fibres and their endings in the fresh untreated cornea under 
phase-contrast conditions but were at pains to emphasize the delicacy and 
fragile nature of the terminals. Indeed, it seemed to them that the beaded 
appearance of the majority of the pre-terminal corneal nerve fibres in 
stained or impregnated specimens was an artefact. Again, they never 
encountered any encapsulated nerve endings in these preparations but 
demonstrated that, under conditions presumably not far removed from 
those obtaining in the living animal, the corneal nerves all terminated in 
fine, naked, freely-ending and morphologically indistinguishable axo- 
plasmic filaments. There have been, naturally, few studies devoted solely 
to the human cornea because of the difficulty of obtaining well-fixed 
normal material, but it has been generally accepted that only minor 
differences exist between it and the cornea of other animal species. Zander 
and Weddell were only able to obtain five suitable human corneas for 
critical examination under phase-contrast conditions, but within these 
limits they confirmed that this appeared to be the case. 

In 1951, Zander and Weddell (19515) also reported on the reaction of 
the corneal nerves to injury. In a series of degeneration experiments they 
showed that the cornea appears to contain few, if any, autonomic nerve- 
fibres and that the terminals derived from a single nerve-fibre entering the 
cornea extend over an area at least as great as a quadrant of the cornea. 
The latter observation accords well with that of Tower (1940) who showed 
by electro-physiological means that each sensory unit has terminal 
ramifications extending over a quadrant or more of the cornea. Finally, 
they showed that, following keratotomy, a remarkable series of events 
takes place which has the effect of restoring the pattern of innervation to 
that which obtained originally. Briefly, within a week following kera- 
totomy in rabbits (incisions through the limbus ranging from 1/4 to 1/3 
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of the circumference of the cornea), axoplasmic filaments derived from 
intact nerves surrounding the affected area were seen to be invading the 
denervated zone. These extensions commenced to degenerate as soon as 
filaments derived from the severed axons at the scleral margin of the 
keratotomy incision began to invade the denervated region by sweeping 
around the side of the scar. These filaments in turn started to degenerate 
as soon as sprouts from the severed axons penetrated the scar to re-enter 
the affected zone. Within about nine months in favourable cases, in which 
the scar was not too dense, the pattern of innervation came to resemble, 
once again, that which was seen elsewhere in the cornea. 


Rodger (1953) gave a description of the innervation of the cornea of 
the cat. His findings were essentially similar to those of Zander and 
Weddell and can be regarded as a confirmation of their findings in other 
animals. 

Engelbrecht (1953), using a silver impregnation method but taking no 
specific precautions against shrinkage, reported that in the human cornea 
(except in the region of the limbus) there are no circumscribed or encap- 
sulated nerve endings. The majority of the nerves terminate in the basal 
layers of the epithelium in fine branches which end within, rather than on, 
the cytoplasm of the epithelial cells. He imagined that, in some instances, 
the fine fibres fused with the nuclei of the cells. 


In summary, therefore, it now seems reasonably certain that the inner- 
vation of the human cornea takes the following form. Bundles of nerve- 
fibres approach it in a radial manner from the limbus. There are, accord- 
ing to Zander and Weddell (1951a), a total of about 1,200 nerve fibres, but 
whether this number represents the number of trigeminal nerve sensory 
ganglion cells involved is uncertain, although little collateralization takes 
place among axons in the region of the limbs. 


The majority of nerves, all of which are unmyelinated but surrounded 
by Schwann elements, after dividing and sub-dividing repeatedly, pierce 
Bowman’s membrane, giving rise to a widespread arborization of naked 
axoplasmic filaments which at first lie between the membrane and the basal 
layer of epithelial cells but eventually send branches which pass up 
into the epithelium and apparently terminate freely between the cells in 
all layers, including those close to the surface of the cornea. A few nerve 
fibres surrounded by Schwann elements leave the bundles lying within the 
cornea at intervals and give rise to endings in the substantia propria. 
These also take the form of widespread arborizations of fine naked axo- 
plasmic filaments which apparently terminate freely and at random among 
the various connective tissue elements. No naked axoplasmic filaments 
have ever been shown unequivocally to terminate intra-cellularly nor do 
they ever fuse with their neighbours to form nerve-nets, although they 
may easily appear to do so regularly when there is even a small degree 
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of distortion, such as shrinkage, in the course of preparation of the tissue 
for microscopical examination. 

Zander and Weddell (1951a) found it impossible to estimate the number 
of unencapsulated nerve endings in the epithelium with any accuracy 
owing to the profuse and complex nature of the branching and inter- 
mingling of both the pre-terminal nerve fibres and the terminal axoplasmic 
filaments which arise from them. However, the number of stem-axons 
giving rise to unencapsulated endings in the substantia propria is estimated 
to be about | to every 50 stem-fibres subserving the epithelium. 

The only differences noted between the innervation of the human cornea 
and those of other animals were concerned with the number and patterned 
arrangement of the ensheathed nerve fibres which eventually terminated 
in the epithelium. 

(2) Corneal Sensibility 

The statement that pain is the only sensation that can be evoked from 
the cornea can be found in current physiological and clinical textbooks 
(Fulton, 1949; Best and Taylor, 1952; Evans, 1952; Piéron, 1952; Duke- 
Elder, 1952). The proponents of this view either take it as a self-evident 
fact (stemming from everyday experience) or they refer to the papers of 
von Frey (1894, 1895, 1922) and of his pupils (Strughold, 1925, 1926, 1928; 
Strughold and Karbe, 1925a, b and c; von Frey and Strughold, 1926) as 
evidence for their statement. However, contrary opinions were held 
before von Frey published his findings and it seems (as far as we can judge 
from their papers) that those who held them had investigated the problem 
without allowing preconceived notions as to the nature of the results to 
influence their findings. 

Molter (1878), who was primarily interested in lesions of the trigeminal 
nerve, found that it was possible to arouse reports of touch, warmth, cold 
and pain by suitably stimulating the normal cornea. Touch stimuli were 
delivered by means of water at various temperatures circulating through 
thin glass tubes in contact with the cornea. On the other hand, neither 
warm nor cool glass rods nor fine brushes dipped in water at different 
temperatures and wrung dry before application were found to evoke 
reports which included references to thermal modes. 

Fuchs (1878) used the button-like expansions on the end of metal 
surgical probes, which were kept in hot or cold water and then wiped dry, 
as stimulus objects. He said: ‘‘This procedure equalized the temperatures 
to the extent that, when applied to the sensitive part of the cornea, it pro- 
duced solely a differential temperature sensation and no pain. All indi- 
viduals correctly distinguished the temperature from warm, to cool, cold 
and very cold. Without doubt, therefore, the cornea is sensitive to 
temperature.”” Fuchs stated that he undertook this work on the avascular 
cornea to throw more light on the suggestion that it was possible that the 
warmth sensation depended on the vessel nerves. Donaldson (1885) was 
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emphatic that warmth and cold could be distinguished readily after 
cocaine had been used to abolish the sensation of pain but he gives no 
details of the experiments which he carried out in support of this statement. 

Dessoir (1892) found that the application to the cornea of small metal 
knobs at different temperatures gave rise to sensations of warmth or cold, 
which could be distinguished ‘‘even to the difference of one degree.”’ He 
also stated that pain and touch could be aroused by using suitable stimuli. 

It is true that the experiments of Molter, Fuchs, Donaldson and Dessoir 
were not designed in relation to many of the physical and other factors 
which might have influenced the results which they obtained. Moreover, 
it is unfortunately neither possible to analyse their observations in a 
statistical manner, nor to repeat their experiments owing to the meagre 
data which they presented. Nevertheless, it does not appear from the way 
in which they carried out their experiments that any of them believed that 
they knew beforehand exactly what they were going to find. There is thus 
no prima facie reason to doubt the validity of their observations. 

By contrast, in 1894 von Frey reported a series of experiments which 
he had undertaken to obtain critical evidence in support of his punctate 
theory of cutaneous sensibility, which required that free nerve endings 
subserved exclusively the primary modality of pain. In this paper, he 
neither gave a detailed description of this experimental procedure nor did 
he attempt to explain the contradictory findings of previous investigators. 
But, in 1895, he stated: On my attention being drawn to the contrary 
findings of Fuchs and Molter, I repeated my observations but was soon 
convinced that I could not agree with these authors on all points, but found 
that my earlier statements stood in need of correction. It is true that some 
of my subjects reported that they could feel touch, but this naturally does 
not prejudice the character of the sensations because it is open to everyone 
to say what he wants to understand as a touch sensation. He concluded: 
‘I only state that the sensory spots which can be stimulated in the cornea 
and the conjunctiva have the importance of pain points and not pressure 
points.” 

Kriickmann (1895) was apparently unconvinced by these statements for, 
as the result of examining patients suffering from raised intra-ocular 
tension, he came to the conclusion that reports of pressure could be 
aroused from the cornea, pain being reported more frequently when the 
cornea was stimulated “mechanically.” 

Nagel (1895) was outspokenly critical of von Frey and stated that 
Touch may be perceived on the cornea as well as the conjunctiva without 
any painful or disagreeable feelings and in both these localities there is 
also a very clearly marked sensation of cold. In respect of von Frey’s 
experiments, he said it is not to be wondered at that Frey denies the 
existence of these sensations (warmth and cold) if one learns of how he 
tested for them. The amount of warmth which can be taken up by the 
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point of a hair less than 1/100 mm. in diameter and of a corresponding 
small mass is far too small. The small amount of warmth or cold which 
is transmitted to the hair by the warm water or ice is lost before it is applied 
to the eye and the hair takes the room temperature. He further stated: 
“Should he have done these experiments on himself, then I am inclined to 
doubt their value because I consider it impossible to safeguard in such 
experiments against the influence of auto-suggestion.” 

These criticisms were apparently ignored for they are not referred to by 
subsequent workers. We must assume that von Frey’s authoritative 
enunciation and apparent confirmation of an appealing theory were so 
compelling that his views were easily and readily accepted. 

Bonamico stated in 1905 that both the cornea and the conjunctiva were 
sensitive to touch, warmth, cold and pain, but his statements were un- 
supported by experimental evidence and can have had little impact, for 
no further papers on the subject appeared until 1919, when Goldscheider 
and Briickner reported: ‘‘We were immediately struck by the remarkable 
fact that touch on the normal cornea is never felt as pure pain but as 
touch with a pain sensation mixed with it.””. They stated that, after cocain- 
ization, a pure sensation of touch can be aroused from the cornea. They 
were particularly critical of von Frey for disregarding the reports of 
touch which were evoked in a minority of the subjects in his experiments. 
They felt forced to conclude from this alone that his claim that pain only 
could be aroused from the cornea was not admissible. 

Von Frey and Webels replied to this attack in 1922 by describing the 
results of a further series of experiments similar to those which had been 
reported by von Frey in 1895 to the effect that it was not possible to arouse 
tactile or thermal sensations by stimulation at the centre of the cornea, 
but only pain. Kant and Hahn, pupils of Goldscheider, returned to the 
attack in 1924 by declaring that an unequivocal sensation of touch could 
be aroused from the cornea if light, but relatively broad, stimulus objects 
were used. 

The last comprehensive investigation into corneal sensibility appears to 
be that of Stein (1925). He emphatically stated that sensations of warmth 
and cold can be elicited from the cornea. He delivered thermal stimuli by 
means of a thermode and a cone of light, but he described neither the 
stimulus objects, nor the way in which he used them in sufficient detail to 
allow a repetition of his experiments by another person. He accepted von 
Frey’s observations on the neurohistology of the cornea and was thus 
forced to reject the concept of specificity of receptors in the sense that 
each of the four modalities is based exclusively on one special sensory 
element in the periphery. 

Marx (1925, 1932) cocainized the cornea and then stimulated it with a 
series of von Frey hairs of different thicknesses. At the beginning of the 
experiment he found that the subjects reported nothing, but as the anes- 
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thetic wore off, first the thick hairs and later the thinner hairs began to 
evoke a sensation (presumably of pain). He found that a smooth curve 
could be drawn through the plotted points which he was able to express 
mathematically. Marx concluded from this that there was only one type 
of sensory nerve present in the cornea. Franceschetti (1932a and 5) stated 
that Marx’s conclusions were not warranted, for he himself had found it 
possible to obtain two exponential curves derived from formule postu- 
lating two sets of nerve endings (for touch and pain respectively) which, 
when summed, could hardly be distinguished from the curve derived from 
Marx’s formula. 

Saffiotti (1925), also using von Frey hairs, stated that he was able to 
evoke sensations reported either as touch or pain by suitably stimulating 
the unanesthetized cornea. 

Between 1925 and 1929, von Frey and his pupils published a series of 
papers which were calculated to reinforce their statement that pain is the ° 
only sensation which can be evoked by stimulating the cornea, a tissue 
containing only free nerve endings. Thus, Strughold and Karbe (1925a) 
stated that it was impossible to evoke reports of cold by stimulating the 
central part of the cornea, but that cold could be evoked by suitably stimu- 
lating its marginal zone and the scleral conjunctiva close to positions where 
Krause end-bulbs were known to be present. Strughold and Karbe (1925) 
also found that it was possible to evoke cold from 14 points in every square 
centimetre of palpebral conjunctiva and stated that this figure corre- 
sponded well with the number of end-bulbs said by Krause to be present 
in this region. This conclusion was reached as the result of eight obser- 
vations on their own eyes. They stated that they found it difficult to test 
sensation at the margin of the cornea because of its low pain threshold. 

Strughold (1925) stated that, according to histologists (Dogiel, 1891; 
Kniisel and Vonwiller, 1922), Krause end-bulbs lie at different depths in 
different regions, such as the limbus, plica semilunaris and the margin of 
the eyelid. Thus the threshold for cold sensibility should vary correspond- 
ingly if these organs are specific for cold. He then demonstrated that the 
thresholds did vary in the manner predicted and concluded that Krause 
end-bulbs are specific for cold. 

Finally, Strughold and Karbe (1925c) claimed to have stained Krause 
end-bulbs in the living human scleral conjunctiva with methylene-blue and 
to have seen them by means of a corneal microscope and a slit lamp. The 
conjunctiva was stained by instilling 0-045 c.c. drops of a 1 per cent solution 
of methylene-blue in 8-5% cane sugar into the eye every five minutes 
for a period of several hours. This caused great pain, so that drops of 
2 per cent cocaine (and, in one case, adrenaline as well because of the 
extreme vasodilatation) had also to be instilled at five-minute intervals 
long before any nerve fibres were visible. After two to three hours when 
the corneal epithelium was beginning to turn blue a few nerve fibres could 
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be seen. An hour or two later, when the actual amount of methylene-blue 
instilled had reached a total of about 2 mg. dry weight, an occasional end- 
bulb was seen at the margin of the cornea and elsewhere in the con- 
junctiva. The position of the bulbs was recorded on a chart for future 
reference. The cornea and conjunctiva remained completely anesthetic 
for two days following this treatment and it was not until some eight to 
ten days later that reports of cold could be evoked consistently from 
positions corresponding approximately to those at which the end-bulbs 
had been seen, when they were stimulated with cold copper rods sur- 
mounted by smooth expanded ends. The immediately adjacent areas, 
when so stimulated, did not evoke reports of cold. Two eyes were stained 
in this way and a total of six end-bulbs were seen. In the first eye a single 
group of four end-bulbs were stained and a cold spot was subsequently 
found to overlie them but, as can be seen in their illustration, no end-bulbs 
were seen beneath two other cold spots lying close by. In the second eye 
two end-bulbs at some distance from one another were seen. Cold spots 
were subsequently found to overlie each of them but again, as can be 
seen in their illustration, no end-bulbs were seen beneath three other cold 
spots lying close by. This series of papers at first sight appears to offer 
strong evidence in favour of the identification of cold sensibility with the 
Krause end-bulb but when the findings are carefully re-analysed, particu- 
larly in relation to all the available literature on the neurohistology of the 
conjunctiva, it is clear that such a conclusion is unwarranted, for it rests 
upon undue emphasis of selected observations engendered by a pre- 
conceived notion rather than upon a statistical analysis of the available 
data. 

Weddell (1941), because of his ready acceptance of the validity of von 
Frey’s theory of cutaneous sensibility, was misled into a similar error. In 
the course of experiments over a number of years he injected indian ink 
into the skin to mark the position of ‘“‘cold spots” and then excised the 
areas concerned and studied them histologically. Many specimens were 
examined but in only two pieces of glabrous skin, removed from the lower 
third of the human forearm, did he find, just beneath the epidermis, groups 
of encapsulated nerve endings resembling Krause end-bulbs. Each group 
of endings was borne upon a separate stem axon. His belief in von Frey’s 
correlates was so firm that he accepted the “positive” findings, which 
came towards the end of a long investigation, as proof. He further sug- 
gested that the difficulties of demonstrating specific nerve endings beneath 
‘“‘modality specific’? sensory spots in the skin might be explained on the 
basis of the multiple innervation of sensory spots. In other words, that 
the point of lowest threshold (i.e. the centre of the sensory spot) would not 
lie immediately over a specific nerve terminal, but, rather, it would be 
equidistant from groups of specific nerve terminals. 

Strughold (1926) stated that a sensation of warmth cannot be evoked 
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from the cornea but that it can be aroused from the palpebral conjunctiva. 
He criticized the work of Stein on the grounds that he had not taken 
sufficient care to localize his stimuli accurately to the cornea. He again 
emphasized that pain is the only sensation that can be evoked from the 
cornea. 

Von Frey and Strughold (1926), using fine damp linen threads of two 
thicknesses, found that it was possible to evoke only a sensation of pain 
from the cornea, conjunctiva and part of the edge of the eyelids, but that 
they could evoke reports of pressure (touch) as well as of pain from the 
outer skin of the eyelids, part of the edge of the eyelids and from the 
caruncle. The sensation of pain, they reaffirmed, is generically different 
from that of pressure (touch) for, following stimulation, the sensation is 
delayed in onset, it slowly builds up to a maximum, passes off even more 
slowly, and is commonly associated with an “‘after-sensation.”” The sen- 
sation, however, continues as long as the stimulus is maintained. Pressure 
(touch), on the other hand, has a lower threshold than pain, its onset is 
immediate and the sensation fades quickly. Its course is discontinuous 
for it is evoked only when the stimulus is applied and when it is with- 
drawn. They insisted that experiments on sensory perception should be 
carried out only on properly selected (trained) subjects. 

Strughold (1928), reviewing the work done by von Frey and himself on 
corneal sensibility, emphasized once again that pain is the only sensation 
which can be evoked by stimuli of any kind whatever from the cornea. 

In 1929, von Frey and Rein made the following statement: “On the 
eyelid and caruncle we find warmth and pressure but they are missing from 
the cornea and scleral conjunctiva. On the latter (cornea and scleral 
conjunctiva) there are pain and cold but with great differences in threshold 
values. . . . On the margin of the cornea we find a zone | to 2 mm. wide 
with great sensitivity to cold, perhaps the highest in the whole body 
surface. The rest of the cornea is insensitive to cold.”” The startling remark 
that a sensation of cold can be evoked from the cornea is, however, mis- 
leading, for it is clear from the context that they were referring to the 
limbus, i.e. the margin of scleral conjunctiva immediately adjacent to the 
cornea. 

The only dissentient voice to be heard between 1925 and 1929 came from 
Goldscheider (1926). He still maintained that sensations of touch as well 
as of pain could be evoked by suitably stimulating the cornea, although he 
agreed with von Frey that it was impossible to demonstrate warm spots 
on the cornea. 

In 1931, Marshal noted that after partial interruption of the central 
root of the trigeminal nerve, mechanical stimulation of the cornea on the 
affected side evoked reports of sensations described as touch rather than 
pain. 

In 1936, Nafe and Wagoner revived the notion that thermal sensibility 
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was directly related to the activity of the vascular nerves. Thus, they were 
at pains to ensure that thermal sensations either could, or could not, be 
evoked from the cornea. They employed heated and cooled copper rods, 
having an area of contact of 1-25 sq. mm. with the cornea, as stimulus 
objects. They stated that they obtained no unequivocal reports of warmth 
or cold, but that, in the case of four subjects, either doubt or suggestions 
of thermal components were reported as accompanying the sensations of 
contact. They regarded these reports as artefacts. In 1937, Nafe and 
Wagoner reported another series of experiments in which further attempts 
to evoke the sensation of warmth from the cornea had conclusively failed. 
Nafe and Wagoner, however, did not doubt that it was possible to evoke 
sensations of touch as well as pain from the normal cornea. 

Following operations in which the descending tract of the fifth nerve 
was interrupted for the relief of neuralgia, Sj6qvist (1937 and 1938) noted 
that a sensation of touch, as opposed to pain, was reported when the 
affected cornea was stimulated by a wisp of cotton-wool. This observation 
has been confirmed by Rowbotham (1939), Grant, Groff and Lewy (1940) 
and Falconer (1949). 

Altschiiler (1940) was able to evoke reports of touch every time the 
cornea was stimulated with thin, flexible hairs (5 grammes per sq. mm.). 
Reports of pain, however, consistently followed stimulation with stiff 
hairs (30 grammes per sq. mm.). He therefore concluded that there were 
two systems of nerve terminals in the cornea having different thresholds. 

Eckardt, McLean and Goodell (1943), studying corneal sensibility in 
normal individuals, stated that ‘“‘cornea recognizes only pain and cold...” 
However, they added: “It should be borne in mind that these experiments 
were in no sense critical ones and it is quite possible that, with a mote 
refined technique, touch perception would also be found a property of 
cornea.” 

Zander and Weddell (195la) found that stimulation with a piece of 
nylon suture material, designed to arouse pain every time it came into 
contact with the normal cornea, gave rise to a sensation described as 
touch after a weak solution of Pantocaine had been instilled into the con- 
junctival sac, whereas the instillation of a stronger solution led to complete 
anesthesia. 

Jalavisto, Orma and Tawast (1951) stated that some of their subjects 
reported sensations of cold and touch like wind, when jets of air were used 
to stimulate the cornea. Their investigations were not primarily concerned 
with the problem of evoking reports of sensations in the thermal mode 
from the cornea and thus no data of quantitative value are available in 
their results. 

Strughold (1951), reviewing the literature on corneal and conjunctival 
sensibility, was still of the opinion that pain is the only sensation which 
can be evoked from the cornea, whatever stimulus is used. 
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Boberg-Ans (1952), who was chiefly interested in the clinical methods 
available for the examination of corneal sensibility, stated that the “‘cornea 
is able to perceive pain, touch and cold.” He said nothing about warmth. 

Some additional points of interest emerge if the nature of the experi- 
ments and the observations recorded by the authors cited above are 
tabulated in the order of the date of their publications (Table I), For 
instance, it can be seen that the first four investigators (1878-1892) all 
claim to have evoked reports pertaining to each of the four primary modes 
of common sensation. Between 1892 and 1952, however, in a total of 33 
investigations, only 12 and 15 attempts were made to determine whether 
reports relating to warmth and cold respectively could be evoked from 
the cornea. 

It is clear from this brief summary of the relevant literature that, so far 
as we are aware, no series of experiments the results of which can be 
analysed statistically have been carried out nor, indeed, have sufficient 
data with regard to the physical parameters (temperature, dimensions and 
duration of application) of the stimulus object been given to allow any of 
the experiments reported to be assessed, analysed or repeated by sub- 
sequent investigators. 

Workers seem to have arrayed themselves as contestants, those who 
subscribed to von Frey’s theory on the one hand, those who did not on 
the other. Virchow (1910) must have been aware of this when he stated, 
somewhat plaintively: “‘ very few, if any, serious attempts have been made 
to correlate the results of the anatomical and physiological studies on the 
cornea and that the latter, in particular, require amplification and revision.” 

That it should still be taught that the only sensation which can be 
evoked from the cornea is pain, because it contains only free nerve endings, 
can be explained only on the ground that the theory of four primary 
modalities of common sensation, each subserved by a morphologically 
specific type of nerve ending, is regarded by most neurologists as axio- 
matic. No other explanation of the absence of the scientific approach 
displayed by so many workers on corneal sensibility is immediately 
obvious. Nagel pointed out as early as 1895 that von Frey had not even 
taken the most elementary precautions to ensure that, when a so-called 
warm or cold stimulus was applied to the cornea, the stimulus object was 
in fact warmer or cooler than the cornea. These objections are not even 
referred to by subsequent workers and, as late as 1951, Strughold recom- 
mends the use of a wire 0-1 mm. thick dipped into warm or cold water as 
a thermal stimulus object. 

The present state of confusion about the sensations which can be 
evoked from the cornea exemplifies very clearly indeed the force of the 
following reflections: “There should therefore be a wide measure of 
agreement upon the crying need for critical thought in neurology. By no 
other intellectual weapon can we hope to deal effectively with what 
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TABLE I 
Sensation 
Author Date Pain Touch Cold Warmth 

. Fuchs 1878 + + 
. Molter 1878 + 
. Donaldson 1885 + 
. Dessoir 1892 + 
. von Frey 1894 _— 
. von Frey 1895 
. Kriickmann 1895 
. Nagel 1895 
. Bonamico 1905 
. Goldscheider and Briickner 1919 
. von Frey 1922 
. von Frey and Webels 1922 
. Kant and Hahn 1924 
. Stein 1925 
. Marx 1925 + 
. Strughold 1925 N.I. 
. Strughold and Karbe 1925(a) N.L. 
. Strughold and Karbe 1925(b) N.I. 
. Saffiotti 1925 a 
. Goldscheider 1926 


. Strughold 1926 4 seg 


. von Frey and Strughold 1926 
3. von Frey and Rein 1929 
. Marshall 1931 
. Marx 1932 
= 
. Franceschetti 530 
. Nafe and Wagoner 1936 
. Nafe and Wagoner 1937 
. Sjdqvist 1938 
. Rowbotham 1939 
. Grant, Groff and Lewy 1940 
. Altschiiler 1940 
. Eckard, McLean and 
Goodell 1943 
. Falconer 1949 
. Zander and Weddell 1951(a) 
. Jalavisto, Orma and Tawast 1951 
. Boberg-Ans 1952 
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REVIEWS OF LITERATURE 
Sensation 
Author Date Pain Touch Cold Warmth 
. Sherrington 1900 + — — 
. Strughold 1926 + — -- 
. Strughold 1951 + ~ — 


Sensations which can be evoked by stimulating the cornea according to various 
authors: + present, — = absent, N.I. = Not Investigated. 
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Trotter (1941) has called ‘the mysterious viability of the false’ ; a viability 
that we owe in part to the uncritical spirit in which some write and others 
read original papers, and in part also to the deplorable long-term effects 
of the undiscriminating propagation in textbooks of what the journals 
record.” (Walshe, 1948.) 


DESIGN OF EXPERIMENTS 

In the course of our analysis of the literature it became clear that, owing 
to prejudice, the difficulties which beset those trying to determine the 
nature of the physical background of perception are likely to be even 
greater than we had supposed. Thus, special care was taken in the design 
and the analysis of our experiments. In addition, an attempt has been 
made to select simple unambiguous words to describe the experiments 
which were performed and the observations which were recorded. The 
words are only intended to convey their everyday meaning; they are not 
intended to carry any special meaning with which some of them have 
become endowed as the result of previous work in the field of common 
sensation. No attempt was made either to discuss with the subjects the 
validity of the assumptions upon which their reports were based or to 
present their reports in a form consistent with what the authors them- 
selves think is taking place when the cornea is stimulated. If there was 
the slightest doubt they were reported verbatim. The authors have been 
at great pains to remain unprejudiced. They have tried to examine the 
evidence from the literature and from their own experiments with an open 
mind. 

(1) Choice of Stimuli 

The stimuli chosen had to be harmless and at the same time capable of 
being reported unequivocally as being within one of the so-called primary 
modalities of common sensation, touch, warmth, cold or pain. This led 
us to choose stimuli which previous experience had shown can be success- 
fully employed for this purpose in the case of the skin and mucous mem- 
brane of the lip (Lele, Sinclair and Weddell, 1954; Lele, 1954; Lele, 
Weddell and Williams, 1954). We selected more than one kind of stimulus 
known to evoke reports of sensations in the thermal mode when applied 
to skin, for it is clear from the literature that no critical investigations 
relative to these modes containing sufficient data to allow of repetition 
have yet been carried out in the case of the cornea. We selected the 
following stimulus objects: 

(i) Threads of nylon surgical suture material of three different thicknesses, numbered 


from | to 3. 

(ii) A solid copper cylinder maintained at predetermined temperatures, the end of 
the cylinder being shaped so as to make complete and even contact with the 
central part of a human cornea. 

(iii) An apparatus designed to deliver jets of air at selected temperatures on to (and 
restricted to) the surface of the cornea. 
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(iv) Infra-red radiation of between | and 3 yu in wavelength through an appropriate 
filter on to (and restricted to) the surface of the cornea. 


(2) Choice of Subjects 

The subjects were healthy adults, between the ages of 17 and 34 years, 
7 male and 3 female, none of whom had had either any previous experience 
of sensory testing, or had suffered from any known disease or abnormality 
of the cornea. They were chosen to include subjects from different social 
and educational backgrounds; they included laboratory technicians, 
medical graduate research workers, medical students, a physicist and a 
mathematician. After all the experiments had been carried out and the 
results had been analysed, one of the authors carried out a similar series 
of investigations with the other author as the subject. Not all the subjects 
were available to take part in each series of experiments. It is possible, 
however, to determine the age, occupation and sex of the particular 
subjects involved in any particular series by reference to Table II. 


(3) Details of Apparatus used in Experiments 


The stimulus objects were mounted in relation to a slit-lamp microscope 
stand. The subject was seated and his head was placed in a comfortable 
position, being supported by easily adjustable chin and brow rests. The 
microscope body and lenses were removed and some of the stimulus 
objects attached in turn to a slide which, like the microscope originally 
attached to it, could be moved smoothly to and from the cornea by a 
rack and pinion adjustment. 

The nylon threads were each 2-5 cm. long and mounted on metal rods 
16 cm. long, as described by Lele, Sinclair and Weddell (1954). The copper 
cylinder was 5 cm. long and 6 mm. in diameter and could be either heated 
electrically or cooled by insertion into melting ice. Its temperature 4 mm. 
from the tip was recorded accurately to + 0-25°C. by means of a 
thermocouple buried in the cylinder. 

The jets of air emerged from a 1 mm. hole at the end of the stem of a 
*“Y”’-shaped glass tube. One branch of the “Y” was connected to a coil 
of copper tubing, which could be brought to various temperatures by 
heating electrically ; the other end was connected to a similar coil immersed 
in a freezing mixture of solid carbon dioxide in alcohol and glycerol. 
Compressed air from a source at a pressure of two pounds per square inch 
could be released through either tube for a predetermined time. 

The infra-red source was the filament of a 500-watt 230-volt projector 
lamp. The voltage applied to the filament could be varied through a wide 
range to control the amount of radiation emitted. The lamp was enclosed 
within a ventilated container and a system of lenses was used to obtain an 
enlarged image of the filament which was brought into focus on the sur- 
face of the cornea. A filter obtained from an infra-red image converter, 
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transmitting wavelengths between 1 and 3 » with maximum transmission 
at 1-5, was interposed between the filament and a movable lens used to 
focus the enlarged image of the filament at dull red heat on to the surface 
of the cornea before the experiment started. The switch controlling the 
onset of stimulation was rendered inaudible. During the exposure the 
voltage on the filament did not exceed 190 volts, nevertheless, a screen 
was provided which effectively prevented radiant energy from the lamp, 
other than that falling on the cornea, from reaching any part of the 
subject’s body. 

The temperature of the surface of the cornea was measured by the 
application of a single freely suspended thermo-electric junction of fine 
(SWG 40) copper-constantan wire. This permitted rapid and reproducible 
readings correct to + 0-25°C. to be taken without altering the surface 
temperature of the cornea by measurable amounts. The same thermo- 
couple was used to measure the ambient temperature. This, as well as the 
thermocouple at the tip of the copper cylinder stimulator, was connected 
through a change-over switch to a short period galvanometer which was 
calibrated to read 1° C. per scale division. At the start and at intervals 
during the experiment the readings at two points on the calibration curves 
of both thermocouples were checked. 


(4) Temperature of the Thermal Stimuli 

The copper cylinder used to deliver the contact thermal stimuli was 
heated or cooled to temperatures 1-5°C. above or below that of the 
surface temperature of the cornea under examination. The cylinder was 
heated or cooled to a temperature the same as that of the surface of the 
cornea under examination for delivering control stimuli. 

The heat transfer value of the air jets was calibrated as follows: the 
temperature of the heater element and that of the freezing mixture were 
adjusted so that, when the current of air passing through them was directed 
on to the cornea of an anesthetized rabbit for 60 seconds through a 
perspex tube similar to that used in the case of the human subjects (see 
fig. 1), it produced a change of + 3-0°C. in the surface temperature of the 
cornea. Stimuli of half this heat exchange value were also used in some 
experiments. Control stimuli were those which caused no rise or fall in 
surface temperature of the rabbit cornea over a similar period. Jets not 
exceeding 0-5 second in duration were applied in the course of the 
experiment, following calibration as outlined above. 

Two intensities of infra-red radiation were used. At the higher intensity 
the rate of heat transfer was 2 cal/cm? sec and that at the lower intensity 
1 cal/cm? sec. Stimuli for control purposes were made with rates of 
0-005 and 0-001 cal/cm? sec. 

Since cataracts and corneal opacities resulting from infra-red radiation 
are said to be due to the precipitation of protein consequent upon the 
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thermal changes induced (Duke-Elder, 1952), it was considered that the 
stimuli selected were reasonably safe. However, to ascertain whether the 
cumulative effects of repeated stimulation were within the limits of safety, 
fifty contact thermal stimuli and 100 each of air jet and infra-red stimuli 
were delivered consecutively on to the corneas of two rabbits. They were 
inspected daily for 10 days but no evidence of inflammation or of any 
other damage could be detected. In view of this we considered that it 
would be safe to proceed with our experiments in man. 


(5) Experimental Methods 


The tests were performed in a draught-free room with the subjects 
seated comfortably so that they could see neither the control panel, nor 
the records being taken. They were each shown the stimulus objects, but 
most of them were certainly unaware that the stimuli would have any 
special thermal attributes. Before the experiment began, the subjects were 
told that a harmless stimulus would be applied to the front of the eye, for 
a brief period, and they were requested to report as soon as possible after 
the application, any immediate and subsequent sensation which they felt. 
They were asked to describe what they had felt as fully as possible, using 
words which they thought would express the sensations most accurately. 
The reports were recorded on magnetic tape rather than in shorthand 
(vide infra). They were further requested to state whether they could 
localize the stimulus, and if they thought they could to point out its posi- 
tion in relation to an artificial eye which was on the bench beside them. 
Each subject was assured several times before the experiment began that 
the stimulus would not injure his eye in any way. 

The diameter of the cornea of each subject was measured with a caliper 
before stimulation of any kind was carried out and the temperature of the 
cornea was recorded before the experiment started and at the end of every 
tenth thermal stimulus. The subjects were requested to position their 
heads and to direct their gaze on to a glowing 40-watt electric light bulb 
placed 10 ft. away directly in their line of vision. They were asked to keep 
their eyes open until they were aware that a stimulus had been applied to 
one of their eyes. The cornea was stimulated at intervals of about three 
minutes and each session, which lasted about forty minutes, was frequently 
interrupted to avoid fatigue and was terminated if the subject felt tired or 
was otherwise unable to concentrate. Several sessions were necessary to 
complete the experiments in each subject. 

The sequence in which the stimuli of different types were applied was 
randomized ; thus, in some subjects the contact thermal stimuli were used 
first, in others the infra-red stimuli and in still others the nylon thread 
stimuli were applied first. Further, within each group the order in which 
the various stimulus intensities (including control stimuli) were applied 
was randomized. 
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When using the nylon thread, the line of approach of the stimulus object 
was outside the subject’s field of vision. Following a single punctate 
stimulus delivered by hand the thread was withdrawn. The contact thermal 
stimulator was carefully positioned on the movable rack so that its advance 
could not be detected, but so that on application it would come into con- 
tact with the centre of the cornea. It was then slowly and steadily advanced 
towards the eye until it made contact with the cornea. The stimulator was 
then gently withdrawn. The end of the “‘Y”’ tube delivering the jets of air 
was similarly positioned and advanced till it projected 2 mm. into a 
perspex tube (fig. 1) placed in contact with the central part of the cornea. 


Fic. 1.—Diagram made from a flash photograph showing perspex tube in position. 
Tube specifications: length 10 mm.; internal diameter, 8 mm.; thickness, 1 mm. Outer 
rim flat, inner rim bevelled (radius 0-5 mm.). Rims highly polished. 


The air jet was then delivered for 0-5 sec. and the stimulator withdrawn. 
The perspex tube used was 10 mm. long, it had an internal diameter of 
8 mm. and the wall was | mm. thick. It was held in position by a laterally 
placed obliquely directed handle. The surface in contact with the cornea 
was specially ground and shaped to make an air-tight fit. The diameter of 
the tube was deliberately selected to be distinctly less (2 mm.) than that of 
any of the corneas under test for Ridley (1954) has shown that the conjunc- 
tiva always overlaps the margin of the cornea to a variable (but < | mm.) 
extent. The tube served to shield the periphery of the cornea and the 
juxta-corneal structures from stimulation by air movement. It also pre- 
vented the eyelids and/or the eyelashes from coming into contact either 
with the stimulus objects or with the cornea. The efficacy of this arrange- 
ment in preventing stimulation of structures surrounding the cornea by 
the air jet was checked by the substitution of ammonium chloride for the 
air and by the delivery of equivalent jets of this substance on to an artificial 
eye. Particles of ammonium chloride were subsequently found to be 
restricted to the central part of the cornea (c. 7 mm. in diameter) lying 
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within the tube as well as to the inner wall of the tube; no particles were 
encountered in the region of the scleral conjunctiva. It was explained to 
the subjects that the tube itself was not one of the stimulus objects but 
merely served to keep the eyelids open during the application of a stimulus. 
The positioning of the tube on the cornea never evoked any adverse com- 
ments. After the experiment was over the subjects were asked to say what 
they felt when the tube was being put in position. Each subject replied to 
the effect that all he or she had felt was something either coming into 
contact with or pushing against the eye. 


The infra-red stimuli were delivered as follows: First, the enlarged 
image of the filament of the lamp at dull red heat (c. 0-005 cal/cm? sec.) 
was focused on to the surface of the cornea, with the infra-red filter 
out of position. The perspex tube was then placed in contact with the 
cornea and a paper diaphragm having a central circular aperture 5 mm. 
in diameter (about half the diameter of the smallest cornea under test) 
placed immediately in front of it so as to shield the periphery of the cornea 
from any possible extraneous irradiation. The perspex tube was used to 
prevent involuntary closure of the eyelids, which might have led to reports 
of sensations resulting from stimulation of the skin of the lids, or even of 
the mucous membranes, by the heat which had already been transferred 
to the cornea from the source. The lamp was then turned off and the 
infra-red filter interposed between it and the cornea. Stimulation was 
started after an interval varying randomly between 3 and 15 seconds and 
was continued in the case of the stimuli of high intensity for 15 seconds, 
unless the subjects reported that they felt something earlier. Low intensity 
and control stimuli were, however, applied for periods up to 60 seconds. 
The high intensity, low intensity and control stimuli were applied in 
random order. 


(6) Statistical Analysis of Experiments 


The test used to compare reaction times to different stimuli was the 
“t” test carried out on the logarithm of the reaction time. The level of 
probability selected as “‘significant’” was a value of P>0-01. The evalu- 
ation of results from experiments involving decisions regarding the quali- 
tative attributes of stimuli was done by the method of chi-squares. 


OBSERVATIONS 


During the course of the experiments, the ambient room temperature 
varied between 17° C. and 20° C. The “‘resting”’ temperature of the surface 
of the cornea was found to vary from subject to subject and from time 
to time in the same subject, but the range of variation was small, the 
temperature lying in every case between the limits 32° to 33° C. as can be 
seen in Table II. The diameter of the cornea, as well as the sex, age and 
occupation of each subject, are also set out in Table II. 
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TABLE II 


** Resting’ surface 
Diameter of cornea temperature of cornea 
Subject in mm. (average of in °C. (average of 
Age Sex Occupation 3 readings) 10 readings) 
A 26 male Medical graduate 
research worker . 32-00 
B 23 female Laboratory technician . 32-25 
[ 


female Laboratory technician : 32-00 
male Mathematician . 33-00 


< 


E female Laboratory technician 

F male Laboratory technician 

G male Physicist 

H male Medical student 

| male Laboratory technician 

J male Medical student 

Co-author male Medical graduate 
research worker 


A. STIMULATION OF CORNEA 
(1) Punctate Stimuli with Nylon Threads 


Although we had planned to deliver stimuli with the three nylon threads 
of different thicknesses in a random order in every subject, we found that 
the No. 2 thread invariably gave rise to a report of pain when it was 
brought into contact with our own corneas (10 stimuli delivered in the 
case of both authors). We therefore excluded the No. 3 thread and used 
the No. 2 thread only in the case of the first two subjects. In each of the 
subjects 10 stimuli with the No. 1 thread were delivered. 

As soon as the No. 1 thread came into contact with the cornea, the 
subject reported that the thread (or hair) was touching his or her eye. 
Control runs in which the thread was approached to within about a milli- 
metre of the cornea were consistently ignored; on the other hand, every 
contact was felt and reported as we have described. There were no reports 
which ever even included a suggestion of pain. On no occasion was there 
any indication that the subject was aware of the approach of the thread 
nor was the thread reported to have been seen at the time of contact, yet 
the subject was able to localize the stimulus correctly to the quadrant of 
the cornea on which it had been applied. Although localization was 
always accurate to the extent that the correct quadrant of the cornea was 
indicated on the artificial eye, seven out of the ten subjects placed the 
stimulus around | to 2 mm. closer to the centre of the cornea than the 
actual point of contact. The reports obtained from the co-author were 
similar to those coming from the other subjects but the placing of the 
stimulus was not recorded in his case. 

In two subjects, a No. 2 nylon thread was brought into contact with the 
cornea in exactly the same way. Each of the ten stimuli (in both subjects) 
caused both a blink reflex and a withdrawal of the head from the rest. 
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This was immediately followed by a report of “sharp, jabbing (or words of 
similar import) pain.” The subjects then rubbed the affected eye and 
complained that they felt as though it had been scratched, for a slight itch 
could still be felt where it had been “‘prodded” (typical of the words which 
were employed). Within two minutes in every case the subjects reported 
that the eye felt normal again and that they could no longer feel the 
“scratch” even when blinking. 

The co-author also reported bright sharp pain but added that the 
feeling was exactly like the description of pain given by von Frey (1894) as 
“having an overtone of unpleasantness and painfulness and strong, vary- 
ing after-effect.”” He also reported that, after the spontaneous sensation 
of itching had subsided, it could still be evoked for a further short period 
each time he blinked, before it finally subsided. After stimulation of the 
cornea by a No. 2 nylon thread, a drop of fluorescein was instilled into 
the eye and the cornea examined under the slit-lamp microscope. No 
superficial damage was detected by this means in any of the subjects. 


(2) Thermal Stimuli 

(a) Copper cylinder.—This experiment proved impossible to carry out 
satisfactorily in 7 out of the 10 subjects, owing to the feelings of appre- 
hension engendered by the first stimulus. However, in 3 subjects a suffi- 
cient number of randomly distributed stimuli were satisfactorily delivered 
and reported upon. Each time the stimulus was applied, the eyeball 
involuntarily rolled upwards and the subjects complained that they found 
difficulty in maintaining their heads in position and their eyelids open. 
The duration for which the stimulus was actually in contact with the 
cornea was therefore short but no easy means could be found of measuring 
the time accurately. The reports given by the subjects as the result of 
stimulation were sometimes long and complicated but they never contained 
the word pain. Both touch and thermal sensations were almost invariably 
mentioned when the stimulus was capable of effecting heat transfer. When 
the cylinder was at the same temperature as that of the surface of the 
cornea, touch was the only modality included in the report. The results 
pertaining to the thermal mode abstracted from the magnetic tape record- 
ings are set out in Table III. 

TABLE III 
Number and Classification of Reports related to the Thermal Modalities evoked 
by Stimulation of the Cornea with Copper Cylinder 
Stimuli: + is C. 0-0°C. — 15°C. 

Subjects * W : 

A 0 

B 0 

cj 0 

Co-author 0 

W = warm, C = cold, N = neither warm nor cold. 
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The co-author stated that no pain resulted from the stimuli but he 
thought that both the touch and thermal sensations aroused were different 
in quality from those evoked by equivalent stimuli on his skin; they were 
closely related to one another but in fact unique. He was also impressed 
by the feeling of apprehension which the stimulus engendered. It seemed 
to him to be out of all proportion to the “‘strength” of the sensation which 
was evoked. 

(b) Jets of air.—Six subjects took part in these experiments. The results 
pertaining to the thermal modalities which were reported are set out in 


Table IV. 
TABLE IV 


Number and Classification of Reports related to Thermal Modalities evoked 
by Stimulation of the Cornea with Air-jets 
Heat exchange value 
of the stimulus: Positive Zero Negative 


Subject N wW WN N 
A 


B 
C 
D 


cooococo = 


E 
F 
Cc 


o-author 
W = warm, C = cold, N = neither warm nor cold. 


From Table IV it is clear that stimulation by warm air was never 
followed by reports of cold and vice versa. The “‘missed” warm and cold 
air-jet stimuli were invariably reported as thermally neutral. Each of the 
six subjects volunteered the information that the air-jet stimuli could not 
be localized accurately but stated that they had not been applied to the 
eyelids or to the sclera but somewhere around the “centre of the eye.” 
The stimuli were described by one subject as “‘blasts of air, the heat or cold 
of which becomes immediately apparent” ; other subjects used equivalent 
expressions. The reports evoked from the co-author concur with those 
evoked from the subjects. 

To determine whether air-jets at two different temperatures above and 
below that of the cornea could be distinguished from one another 
accurately, stimuli of the heat exchange value originally selected, stimuli 
of half this value, as well as stimuli of no heat exchange value, were 
delivered in a random order to subjects A, B and E. 

Before starting the experiment, its objects were explained and the cornea 
of each subject was stimulated with a stimulus of standard intensity 
followed by one of half the standard intensity. The stimuli of positive heat 
exchange value were delivered first followed by those of negative heat 
exchange value. The subject was told what kind of stimulus was being 
applied and each subject claimed to be able to distinguish the different 
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intensities without difficulty. They were then told that the stimuli would 
be delivered in a random order and asked to report in each case the nature 
and intensity of the stimulus which had been delivered. The results are set 
out in Table V, from which it can be seen that the intensity of the stimulus 
was reported correctly 312 times and incorrectly on only 42 occasions. 


TABLE V 
Number of Correct Reports on the Intensity of Stimulation evoked by Air-jet Stimuli 
of Standard and Half-heat Exchange Values 
Subject Stimuli: Standard (-+-) Half (+) Standard (—) Half (—) 
A 29 27 26 Zi 
B 28 26 28 28 
E 24 25 20 24 
30 stimuli of each heat exchange value, as well as 30 of no heat exchange value, were 
delivered in a random order to each subject. 


(c) Infra-red radiation—Each of the 10 subjects took part in this series 
of experiments. At the time that these experiments were performed, only 
two of the subjects had had any thermal stimuli of any kind applied to 
their corneas (in one subject, air-jets had been applied; in the other, the 
copper rod). Over 50 stimuli at two intensities of radiation (in addition to 
control stimuli), were applied in a random order to the cornea in each 
subject. The time which elapsed between the onset of irradiation and the 
reports made by the subjects was measured with a stop-watch. Every 


stimulus at the higher intensity in each of the 10 subjects evoked a report 


TABLE VI 

Reports Evoked by Stimulation of the Cornea with Infra-red Rays 
Higher Intensity 

(2 cal/cm? sec.) 


Lower Intensity 
(1 cal/cm? sec.) 


Subject 


Co-author 


Total No. of: 


Stimuli 
applied 


30 
40 
33 
25 
25 
26 
45 
30 
20 
30 
20 


Correct 
responses 


30 
40 
33 
Po 
y a 
26 
45 
30 
20 
30 
20 


Mean 
response 
time in sec. 
of correct 
responses 
s. d. 
7:0 T 0-62 
5:2 0-37 
11:2 0-98 
9-4 0-63 
3-3. 0-33 
4:4 0-28 
3-4 0-19 
5-4 0-39 
3-4 0-41 
5-4 0-28 
42 0-29 


Total No. of: 


Stimuli 
applied 


24 
35 
39 
38 
28 
26 
46 
30 
32 
28 
20 


Correct 
responses 


22 
33 
38 
34 


Mean 
response 
time in sec. 
of correct 
responses 

s. d. 
13-2+1-23 
10-4 0-94 
19-1 1-01 
10-6 2-27 

8:2 0-98 
11-1 1°32 
6-7 0-76 
9-8 0-90 
46 1-67 
10-6 0-88 
9-1 0-78 


The difference in the mean reaction times to strong and weak stimuli was not 
statistically significant in subjects D and I. 
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of “‘warm.”’ Stimuli at the lower intensity evoked reports of ““warm”’ or, 
in a few instances, “I felt nothing.” The control stimuli always evoked 
reports of “I felt nothing.” 

Three of the subjects (C, D and H) showed obvious surprise when the 
stimulus was first applied and reported that they felt a curious sensation 
which they suddenly recognized as warm. They remarked that they had 
taken a longer time to report the onset of the sensation of warmth than 
they should have done since they were not expecting it; they had expected 
that the stimulus would be a red light, such as had been used before (i.e. 
for focusing). Three other subjects (A, B and E) reported that a sensation 
of either tickle or itch sometimes followed the sensation of warmth. The 
stimuli were all localized correctly in relation to the centre of the pupil. 
[In one subject a stimulus, which was applied at the centre of the cornea, 
evoked the report “warm, bang in the centre of the eye.” The co-author 
reported that the sensation evoked was a remarkably “‘pure” sensation of 
warmth, uncomplicated by any other “‘modality.” It was, however, 
different in quality from the sensation of warmth evoked by the same 
stimulus falling on the skin of the upper eyelid, i.e. with eye closed after 
the perspex tube had been removed. The latter felt sharp as well as warm. 

The time that elapsed between the onset of irradiation at the higher 
intensity and the report made by the subject varied between 0-5 and 15 
seconds but, since it was not possible, among other things, to measure the 
heat exchange accurately, the times given in Table VI are only of com- 
parative, not of absolute, value. 

In every case, the mean response time was shorter and the scatter less 
when the higher intensity of irradiation was applied. In two instances 
(subjects D and I), however, the differences are not statistically significant. 

In four subjects (C, H, I and J), the cornea was again stimulated at the 
higher intensity of radiation but diaphragms having circular apertures 
3 and 2 mm. (compared with the normal 5 mm. in diameter) were inter- 
posed immediately in front of the perspex tube. Two sub-threshold in- 
tensities of radiation (0-001 and 0-005 cal/cm? sec., respectively) were 
used with each of the diaphragms to serve as control stimuli. The order 
in which the various stimuli were applied and apertures used was random- 
ized. The time that elapsed between the onset of irradiation and the 
report from the subject was measured with a stop-watch. Ten observations 
were made for each aperture used and for each intensity of radiation in 
each subject. The results compared with those obtained using the standard 
aperture (abstracted from Table VI) are set out in Table VII. 

In every case the response time was significantly longer with the 2 mm. 
aperture than with the 5 mm. aperture. The response time with the 
3 mm. aperture was intermediate between these two. All the subjects 
volunteered the information that the sensation was more definite and 
more pronounced when the larger aperture was used. 
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TABLE VII 


The Effect on Mean Response Time of the Area of Cornea Stimulated: 
Intensity of Irradiation Constant 


Diameter of Mean response time in seconds 
aperture: 5 mm. 3 mm. 2 mm. 
Subject s. d. a <¢. s. d. 
11+0-98 15+1-42 18+2:21 
5+0-39 6+0-66 9+1-13 
3+0-41 5+0-34 8+0-77 
5+0-28 10+1-21 13+1-29 


B. STIMULATION OF JUXTA-CORNEAL STRUCTURES 


It has been stated in the literature that reports related to thermal 
sensibility can easily be evoked from the scleral conjunctiva particularly 
in the region of the limbus. It is thus possible to argue that the reports of 
sensations in the thermal mode which we were able to evoke from the 
cornea were in fact due to heat being transferred to or from the con- 
junctiva in the region of the limbus and not due to the effects of heat 
exchange in the cornea itself. 

Thus, in four subjects (C, H, I and J), using the higher intensity of 
radiation and a diaphragm having an aperture 3 mm. in diameter in front 
of the perspex tube, the limbus and areas of scleral conjunctiva adjacent 
to the cornea were irradiated. Ten stimuli and an equal number of control 
sub-threshold stimuli were delivered at each site in a random order. The 
time which elapsed between the onset of stimulation and the report of 
the sensation evoked was measured with a stop-watch. The results are set 
out in Table VIII. 

TABLE VIII 
Mean Response Times in Relation to the Site of Stimulation 


Mean response time in seconds 
Subject Cornea Sclera Limbus 
a. 2 s. d. s. d. 
15+1-42 19+1-86 27+3-10 
6+0-66 9+0-87 10+0-91 
5 +0°34 8+0-68 11+0-98 
10+1-21 100-90 13+1-12 


In every case reports of warm or hot were evoked from both the centre 
of the cornea and from the scleral conjunctiva close to the cornea. The 
sensations evoked from the latter, however, were said by each subject to 
have an itching or tickling quality as well. 

Stimulation at the limbus evoked reports of warmth in two subjects 
(H and 1), but “a sort of warmth,” i.e. warmth of a different quality, in 
the other two subjects (C and J). Localization of stimuli at the limbus 
could not be effected at all accurately ; the sensation was described by one 
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subject as originating at the “inner corner of the eye and then moving 
outwards and downwards.” The co-author did not take part in this series 
of investigations. 

It can be seen from Table VIII that it took longer to evoke reports of 
sensations by irradiation at the limbus than by similarly irradiating the 
cornea or the scleral conjunctiva in the immediate neighbourhood of the 
cornea. This was unexpected, for it has generally been supposed 
(Strughold, 1951) that sensations in the thermal mode can only be evoked 
from the exposed surface of the eyeball at just this marginal zone. Clearly, 
as the result of these experiments, it cannot be argued that irradiation of 
the cornea gives rise to reports of warmth by conduction to specific nerve 
endings in the juxta-corneal structures. 

It seemed to us probable that the observations just reported could be 
explained on the same basis as those of Lele, Weddell and Williams (1954) 
who demonstrated that the rate of blood flow can influence the description 
of the sensation reported when skin is stimulated by irradiation. The 
change in the surface temperature of the cornea, the scleral conjunctiva 
close to the cornea and at the limbus was therefore measured in lightly 
anesthetized rabbits following irradiation. The areas were similar to those 
irradiated in man and were stimulated for similar periods but at a higher 
intensity. The result of one such experiment is set-out in Table IX. 


TABLE IX 
Rise in the Surface Temperature at Different Sites 
Site Initial temp: °C. Final temp: °C. 
Cornea 31-0 37°5 
Scleral conjunctiva 31-5 36-0 
Limbus 32-35 35°5 
This table shows the rise in surface temperature at the end of 20 seconds (each fig. 
is mean of 10 readings); rate of heat transfer 4 cal/cm? sec. 


In every animal there were slight reflex movements every time the 
stimulus was applied to the cornea, but only an occasional movement was 
evoked when the stimulus was applied at either of the other two positions. 
In both the rabbit and in man the cornea is avascular; it is therefore 
reasonable to suppose that the rise in surface temperature of the cornea in 
man is greater than in the other two positions when similarly irradiated ; 
a clear-cut sensation of warmth is certainly evoked after a shorter period 
of irradiation. The limbus is the most vascular region in both the rabbit 
and in man; its rise in surface temperature is probably also less than else- 
where in man as it is in the rabbit; the sensation is evoked after a longer 
period of time and is certainly different (possibly weaker) than that 
evoked from the cornea. It is thus reasonable to suggest that, in man, as 
in the rabbit, it is the blood flow which determines the rise in surface 
temperature and hence the nature of the report evoked just as is the case 
in the skin. 

BRAIN—VOL. LXXIX 10 
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C. THERMAL CAPACITY OF STIMULUS OBJECTS USED BY 
PREVIOUS INVESTIGATORS 


The apparently conclusive results of our experiments, particularly those 
in relation to heat exchange, are in marked contrast to the conflicting, and 
often contrary, findings reported by previous investigators. Careful 
examination of ihe techniques described by those who held that it was not 
possible to evoke reports of thermal sensations from the cornea suggested 
that whereas we had taken precautions to see that our thermal stimuli 
were capable of transferring heat to or from the cornea, they had not given 
this matter any serious attention. Unfortunately, they give too few tech- 
nical details to allow a reconstruction of the exact conditions under which 
any of their experiments were carried out. Nevertheless, a series of 
experiments, the design and results of which follow immediately, probably 
represent the most promising kind of investigations upon which any of 
the contrary opinions in relation to thermal sensibility could have been 
based. 

Three sets of smooth-ended copper rods 1-0, 1-2 and 1-8 mm. in diameter 
were immersed in water at 45, 35 and 30° C. respectively. They were then 
selected in random order and, after the excess of water had been shaken 
off, were gently applied by hand to the centre of the cornea. Of the 168 
stimuli applied to the three subjects who had been able to take part in the 
complete series of investigations (subjects A, B and C), 117 were described, 
among other things, as “cool,” the remainder as “‘thermally neutral” (see 
Table X). No reports containing any kind of reference to warmth or pain 


TABLE X 
Reports Evoked by Stimulation of the Cornea with Copper Rods and 
Thermometer Bulbs 
Subject: A B Cc 
Initial corneal temp: 20'C. gas C. 
Copper rod 
Initial temperature: Size 


45” C. 


3 
l 
0 
0 


ao C. 


Thermometer bulb 

Initial temperature: 
45°C, 
at. 
30° C. 
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were volunteered. On the basis of our findings this suggested that the 
temperature of the copper rods had fallen between their abstraction from 
the water and their application to the cornea. The experiments were 
therefore repeated using the same three subjects, but in the place of the 
copper rods the bulbs of three 12-in. laboratory thermometers reading 
0 to 100° C. were used as stimulus objects. The bulbs came into contact 
with an area of the cornea of approximately 7 sq. mm. Of the 42 stimuli 
applied by hand, 23 were described as “‘cool’’ contacts, the rest as “‘ther- 
mally neutral’? contacts. However, the temperatures registered by the 
thermometers had fallen to levels lying between 31° and 28° C. at the time 
of their application to the cornea. The ambient air temperature was 18° C. 

This tended to confirm the suggestion that changes in the temperature 
of the copper rods were responsible for the apparently contradictory 
reports which were obtained when they were used as stimulus objects. 
Confirmation of this was obtained by dipping a similar set of copper rods, 
having thermocouples embedded in their shafts close to the tips into water 
at the chosen temperatures and observing their temperatures at the time 
when they would have been applied to the cornea. There is thus little 
reasonable doubt that most! of the previous investigators, who reported 
that they were unable to evoke reports of sensations in the thermal modes 
when stimulating the cornea, either failed to employ stimulus objects 
capable of effecting heat exchange in either direction (i.e. hairs) or 
employed stimulus objects which effected heat exchange in a direction 
opposite to that which they supposed was taking place. 


DISCUSSION 


It appears to be beyond reasonable doubt that the human cornea con- 
tains no encapsulated or circumscribed nerve endings. It is subserved by 
somatic sensory nerves which terminate freely in widespread arborizations 
of fine naked axoplasmic filaments. These unencapsulated, or free, nerve 
endings cannot be distinguished from one another on morphological 
grounds. They are found in all the tissue layers of the cornea although 
they appear in greater number in the epithelium than in the substantia 
propria. 

Nevertheless, our observations appear to demonstrate conclusively that 
it is possible to stimulate the cornea so that consistent reports referring 
to a range of sensory experience are evoked. The range of sensory experi- 
ence is apparently similar to that which, by common consent, can be 
evoked from the skin; moreover, the stimulus used to evoke a specific 
report is similar in both cases. The salient points which have emerged in 
our paper will now be discussed. 


1 The importance of these control experiments can only be judged in the light of the 
investigations carried out by previous investigators. 
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The surface temperature at the centre of the cornea was found to be 
remarkably constant from person to person and from time to time in the 
same person, despite changes in the environmental temperature (cf. skin 
of the hands, Lele, 1954). The diameter of the cornea, on the other hand, 
varied within a wide range in the subjects used in this investigation, i.e. 
from 10-5 to 13 mm., or by a factor of more than 20 per cent. It is also 
known that the conjunctiva overlaps the margin of the cornea for a small 
and variable distance (Ridley, 1954). For these reasons, care was taken 
that each and every stimulus was applied as close to the centre of the 
cornea as possible. 

Stimulation of the cornea with the No. 1 nylon thread (0-15 mm. in 
diameter) in the manner described, evoked only reports related to touch, 
the word “‘pain” never being mentioned. The stimulus was placed by the 
subjects at a certain point in the correct quadrant of the cornea with great 
assurance and they were of the opinion that they were localizing the point 
stimulated with considerable accuracy. In fact, the point which they 
selected was almost invariably somewhat closer to the centre of the cornea 
than the point which had been stimulated. The reason for this consistent 
form of misreference is not clear. 

Reports referring to touch, warmth and cold were all evoked as the 
result of stimulation with the thermostable copper rod. Pain was never 
reported although seven out of the ten subjects felt unable to complete 
the experiments. Those who withdrew explained that it was not because 
the stimulus had hurt them but because they just could not hold their heads 
in position, for the stimulus made them afraid that it might hurt their eyes. 
This observation suggests that the instinctive fear of damage to the cornea 
is a more potent factor in the protection of the eye than the fear of pain. 
This would seem to be borne out by the relatively insensitive nature of 
the cornea in most laboratory animals when stimulated in an artificial 
manner and, indeed, by the fact that pain is not as easy to evoke from 
the cornea as is generally supposed. In our experiments, it could not be 
evoked until a No. 2 nylon thread replaced the No. 1 thread. Such 
stimuli evoked immediate reflex responses followed by protesting reports 
of bright sharp pain. The co-author was much impressed with the corre- 
spondence between the sensation evoked and the description of “‘pain”’ 
given by von Frey (1894). The description also recalls that of Lewis for 
second pain evoked by pricking the skin (Lewis and Pochin, 1937; Lewis, 
19426). Of particular interest in this connexion is the report that the 
cornea felt as though it had been scratched. The co-author agreed with 
this description but stated: ““The word ‘scratched’ can be amplified to 
mean that the point stimulated is transiently hyperalgesic. Blinking over 
the hyperalgesic area evokes enough additional nerve impulses to give 
the impression of a local area of damage.” In other words, the terminal 
axoplasmic filaments in the cornea behave in this respect in the same way 
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as the “nocifensor’” nerves in skin (Lewis, 1942a and 6). But Weddell 
(1954) has demonstrated that all the properties which Lewis claimed to 
be characteristic of the “‘nocifensor’ nerves can be ascribed to the 
arborizations of axoplasmic filaments derived from the stem fibres of the 
sensory cutaneous nerves. 

The reports resulting from the application of jets of air were of interest 
for two reasons. In the first place, each subject unconsciously indicated 
that the reaction time to the thermal stimulus was only slightly longer than 
that to the contact stimulus of the air. In the second place, most of the 
subjects were able to distinguish the strong from the weak stimulus 
correctly, i.e. to detect the amount of heat transfer which was taking place. 
Introspection by the co-author suggested that this ability was due to a 
combination of the difference in the time over which the sensations 
“developed” as well as to the difference in the intensity of the sensation. 
The reaction times, however, could not be measured with sufficient 
accuracy to confirm or reject this impression. 

As far as can be ascertained, infra-red rays have not been used before 
to stimulate the cornea. They are valuable, however, for not only are they 
‘“‘modality-specific’’ but they produce their effect solely by heat transfer. 
As in the case of the other objects effecting positive heat transfer, they 
evoked unequivocal reports of warmth. The co-author, however, was of 
the opinion that the quality of the sensation evoked was different from 
that evoked by irradiation of the skin in a similar manner. No words 
other than “pure warmth” could have been used to describe the sensation 
but he felt that different words would soon be coined if stimuli like this 
were employed within the same experimental framework and delivered 
both in the skin and the cornea in many subjects regularly over a long 
period. 

The reports of itch and tickle following a number of irradiations are 
interesting for they appeared to be considered by the subjects concerned 
as separate and different sensations worthy of mention. The co-author, as 
the result of introspection, was inclined to the opinion that a wide range 
of sensory impressions were evoked by irradiation, none of which are 
adequately described by single words, but that warmth, itch and tickle are 
so close to expressing those which could be described at all that these 
words have to be accepted at their face value. He was quite emphatic that 
he experienced many other sensations which he could not describe briefly 
owing to lack of words in common use with which to convey his meaning 
accurately. This was also true in the case of the other stimulus objects 
which were used but he considered that they were perhaps of less sig- 
nificance owing to the more complicated physical attributes of the stimuli 
which they delivered. The observations are entirely comparable with 
those obtained as the result of irradiating skin (Lele, Weddell and Williams, 


1954). 
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The possibility that heat exchange between the cornea and juxta-corneal 
tissues was responsible for the reports relating to the thermal modes was 
negatived by finding that a shorter response time followed stimulation at 
the centre of the cornea than elsewhere. 

The fact that the amount of heat exchange necessary to evoke reports in 
the thermal mode was least at the cornea and greatest at the limbus is of 
considerable interest. It suggests that the mechanism which enables 
reports of warmth or cold to be evoked from the cornea and from the 
juxta-corneal structures is similar to that which operates in the case of 
the skin (Lele, Weddell and Williams, 1954; and Tyrrell, Taylor and 
Williams, 1954). Briefly, these authors have adduced evidence that the 
unencapsulated endings in skin behave like thermocouples (bolometers). 
They suggest that heat flow, causing any difference in temperature between 
a stem axon and its axoplasmic filaments leads to depolarization and the 
discharge of propagated action potentials. This may be caused, among 
other things, by a differential movement of ions. The fact that heat 
transfer to the skin can be distinguished from heat transfer in the opposite 
direction is explained on the basis that the resting skin, being warmer in 
the depths than towards the surface, is not isothermal. Thus, when the 
heat flow is positive, some endings will give rise to more action potentials, 
others to a decreased number, and still others to no action potentials at 
all. When the heat flow is negative the situation will be reversed and the 
spatial pattern of activity will be inverted. If the mechanism is the same 
in the structures now under discussion, it would be expected that, since 
the limbus is normally warmer, having a higher blood flow than the scleral 
conjunctiva or the cornea (which is avascular), the thresholds to stimu- 
lation by heat exchange would be different in each case which, indeed, 
proved to be true. 

Although the reaction time in relation to irradiation of the cornea could 
not be measured precisely, it was always longer with low rates of heat 
transfer, just as it is in the case of skin (Lele, Weddell and Williams, 1954; 
Lele and Sinclair, 1955). The same thing holds true for “weak” and 
“strong” stimuli in the case of touch (Lele, Sinclair and Weddell, 1954). 
Furthermore, there is evidence that reports of warmth are associated with 
the phenomenon of spatial summation of the cornea just as they are in 
the skin. 

We have shown that it is possible to account for the failures of von Frey 
and his followers to evoke consistent reports of sensations in the tempera- 
ture mode on the basis that the stimuli he and others like him were using 
were not adequate for their purpose. In a recent paper on the relationship 
between heat transfer and cutaneous sensibility (Lele, Weddell and 
Williams, 1954), it has been shown that the rate and amount of heat 
transfer must be above a certain minimal level before any thermal sensa- 
tions can be evoked. The rate of heat transfer either to or from a body 
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surface is governed in accordance with the second law of thermodynamics, 
the most important single factor being the magnitude of the temperature 
difference between the body and its surroundings. The amount of heat 
transfer is determined by the rate and duration of the exchange, as well 
as the surface area over which the exchange takes place. It is limited only 
by the thermal capacity of the bodies, provided concurrent thermal loss 
is excluded. Thermal capacity is in turn determined by the mass and the 
specific heat of the materials of which the bodies are made. 

Analysing the methods and, in particular, the stimulus objects used by 
investigators who failed to evoke reports of thermal sensations from the 
cornea, it is clear that contact thermal stimuli, in the form of wisps of 
cotton-wool or metal wires immersed in water at an arbitrarily selected 
temperature until the time of application, were the only kind that were 
used. For instance, the cross-sectional area of the stimulating surface of 
the stimulus object employed by Nafe and Wagoner was only 1:25 mm. 
in diameter. In each case, the thermal capacity of the stimulus objects 
must have been very small and thus the amount of thermal exchange which 
could occur was necessarily very limited. Furthermore, owing to reflex 
movements of the eyeball, the length of time during which the stimulus 
was actually in contact with the cornea must have been very short. The 
negligible thermal capacity of the stimulators in conjunction with the short 
duration of their application make it highly probable that the thermal 
exchange was often (in some cases, always) inadequate (that is, below 
threshold) to evoke a sensation in the thermal mode consistently. This is 
borne out in this paper by the failure (due to fall in temperature of the 
metal rods and the bulbs of the thermometers used) to evoke consistent 
and unequivocal responses referable to the thermal mode, and in particular 
by the absence of any reports of warmth. The reports of cold, it is sug- 
gested, were the result of negative heat exchange, the stimulus objects often 
being slightly cooler than the cornea. The observations of Lele (1954) are 
of interest in this connexion, for he has demonstrated that reports of cold, 
unlike those of warmth, can be evoked from skin by stimulus objects that 
have very small cross-sectional areas and correspondingly a small thermal 
capacity. This is due to the fact that the body surface is normally cooler 
than the tissues beneath it and thus the amount of heat exchange required 
to cause activity among the more superficially situated nerve endings is 
very small indeed. Thus, the criticisms levelled at the work of von Frey 
on theoretical grounds by Nagel (1895) have been upheld by the experi- 
mental observations recorded in this paper. 

In this investigation we have enquired into the relationship between 
the sensory experiences evoked by stimuli of different physical attributes 
and the neural substrata available for transducing them. We have been at 
great pains to reproduce the words or expressions used to narrate the 
sensory experiences accurately. 
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It is evident from the literature that many investigators have adopted 
a different approach to this field of experimental physiology. For instance, 
Rodger (1953), one of the latest of the workers to have accepted the postu- 
lates of von Frey, states : “Free intra-epithelial nerve endings in the cornea 
are receptors only for pain.” He goes on to argue that: “‘The sensation 
evoked when they are stimulated cannot change in nature.” It must there- 
fore follow, he believes, that the sensation described as “‘touch,”’ following 
partial denervation of the cornea, is in reality an unfamiliar sensation of 
pain. 

There is a fundamental fallacy lurking in this kind of argument which 
has been overlooked by the majority of workers. The experimenter is here 
identifying a word, an abstract noun, used to convey a common experience, 
with a morphologically specific physical entity. There may or may not be 
any direct connexion between them. Our records suggest that almost as 
many sensations can be evoked from the cornea as there are words to 
describe them. The so-called primary modalities appear to us to be words 
relating to environmental variables encountered daily which, in their 
extremity, are lethal. 

It will be remembered that von Frey was one of the first and most 
insistent of the exponents of the notion that it was both possible and 
desirable to apply Miiller’s “laws of specific nervous energies” to the 
various “modalities” of common sensibility. Moreover, one of the 
strongest and most compelling pieces of evidence which he advanced in 
favour of this notion was that pain was the only sensation which could be 
evoked from the cornea. It is submitted that the observations which we 
have reported in this paper now make it difficult to do so. The question 
whether it was ever desirable can best be answered by an examina- 
tion of the laws themselves. Miiller (1842) did not attempt to classify 
common sensations into modalities such as touch, warmth, cold and pain; 
neither did he attempt to explain colour vision on the basis of the three 
primary modalities, red, green and blue. His theory was propounded only 
in relation to the five classical senses, vision, hearing, taste, smell and touch. 
Discussing the sense of touch, he states: ““By feeling or touch we under- 
stand the peculiar kind of sensation of which the ordinary sensitive nerves 
generally (as the trigeminal, the vagus, the glossopharyngeal and the spinal 
nerves) are susceptible ; the sensations of itching, of pleasure and pain, of 
heat and cold and those excited by the act of touch in its more limited 
sense are varieties of this mode of sensation.” Clearly, it was not Miiller 
who suggested the sub-division of common sensation into four primary 
modalities. On the contrary, in the exposition of his first Law he states 
quite clearly: ‘““The sensations of the nerves of touch (or common sensi- 
bility) are those of cold and heat, pain and pleasure, and innumerable 
modifications of these.” 

It must be remembered that one of the chief purposes Miiller had in 
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mind when he framed his laws was to emphasize that the stimulus object 
was not the only factor concerned in the arousal of a sensation; but an 
equally important consideration was the manner in which the stimulus 
affected the organism in the state in which it happened to be at the time 
of stimulation. Further, the burden of attributing specificity to the 
receptor organs cannot be laid on Miller. In his Seventh Law he states: 
“It is not known whether the essential cause of the peculiar ‘energy’ of 
each nerve of sense is seated in the nerve itself or in parts of the brain or 
spinal cord with which it is connected . . ., but it is certain that the central 
portions of the nerves included in the encephalon are susceptible of their 
peculiar sensations independently of the more peripheral portions of the 
nerve cords.”” Thus Miller neither suggested the codification of common 
sensibility into specific modalities nor did he attribute specificity to 
receptor organs. 

Helmholtz (1865), in his treatise on tone perception, accepted Miiller’s 
laws in relation to the five senses but went further and applied them within 
a single “‘sense,”’ going so far as to assume that for each perceptible tone 
level there was a corresponding nerve fibre. It was possibly as the result 
of this suggestion that von Frey (1894, 1895, 1896) codified cutaneous 
sensibility into the four primary modalities and ascribed specificity to the 
end apparatus of the nerves subserving each mode. As has already been 
seen, this notion was eagerly accepted and proved to be of value as a 
working hypothesis. But it now seems to us that it should be rejected in 
the same way as a somewhat similar concept, one cortical cell, one spinal 
pathway, one motor unit, as a basis for movement, has already been 
rejected (Walshe, 1948). 

SUMMARY 


The results of these experiments are clear-cut and unambiguous. Using 
subjects of different educational and social backgrounds, none of whom 
had taken part in any experiments of this kind previously, it has been 
shown that: 

(1) Reports related to touch were evoked by a thread of No. | nylon 
suture material brought into a brief contact with the surface of the 
cornea. No reports of pain could be elicited with this stimulus object 
when used in the manner described in this paper. 

(2) Reports related to warmth were consistently evoked from the 
cornea by: 

(a) a brief contact with a solid copper cylinder 6 mm. in diameter 
and at a temperature 1-5° C. higher than that of the surface of 
the cornea; 

(b) jets of air applied for about 0-5 seconds and at a temperature 
higher than the surface of the cornea (for details see text); 

(c) infra-red irradiation (for details see text). 
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(3) Reports related to cold were consistently evoked from the cornea by: 


(a) a brief contact with a solid copper cylinder 6 mm. in diameter 
at a temperature 1-° C. lower than the surface of the cornea; 


(b) jets of air at a temperature lower than that of the surface of 
the cornea (for details see text). 


(4) Reports related to pain were consistently evoked when a thread of 
No. 2 nylon suture material was brought into a brief contact with 
the surface of the cornea. Such stimuli caused no detectable damage. 

(5) All the stimulus objects referred to, when used under similar con- 
ditions, evoked reports related to similar sensory modalities when 
used to stimulate the skin or the exposed mucous membrane of 
the lip. 

(6) With the same intensity of radiation, the response time was found 
to be shorter the larger the area of the cornea stimulated. When the 
area of the cornea stimulated remained constant, the response time 
varied inversely with the intensity of the stimulus. 

(7) It has been shown that the thermal stimuli applied to the cornea did 
not produce their effects by affecting nerve endings in the juxta- 
corneal tissues. 

(8) Experiments have been carried out which suggest that much of the 
contradictory evidence in the literature has resulted from using 
stimulus objects having physical characteristics which were not what 
they were deemed to be. 

(9) When one of the co-authors became a subject, he reported that he 
spontaneously placed the sensations evoked by the various stimulus 
objects in one of the four commonly recognized modalities of 
common sensation but that, upon reflection (introspection) it was 
quite clear to him that each sensation was in fact unique in his 
experience. 
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OBSERVATIONS ON THE MAMMALIAN REFLEX PROTOTYPE 
OF THE SIGN OF BABINSKI! 


BY 


H. E. HOFF anp C. G. BRECKENRIDGE? 


Few pathological reflexes are as poorly understood from the neuro- 
physiological standpoint as the sign of Babinski, a reflex which more 
by tradition than by demonstration is considered pathognomonic of a 
lesion of the pyramidal tracts (Lassek, 1944). Indeed even Fulton 
(1943), who may be considered to be the leader of the school of neuro- 
physiologists who deny to the pyramidal tract any significant suppressor 
function, conventionally includes the Babinski response with the sign 
of Chaddock and the responses of Schaeffer, Gordon and Oppenheim, 
as a pyramidal tract sign. Almost universally this reflex is considered 
to be the human counterpart of the general withdrawal response to 
nociceptive stimuli, the flexor reflex. Fulton wrote, ““Another important 
illustration of the flexor reflex in man is the so-called sign of Babinski. 
This is a reaction which occurs after the pyramidal tract pathway from the 
cerebral cortex is interrupted. It is mentioned here because the reaction 
is a typical flexion reflex characterized by the upgoing of the great toe 
and the simultaneous contraction of the flexors of hip, knee, and ankle. 
The withdrawal phase of the Babinski response occurs also in the lower 
animals, thus in monkeys and baboons after ablation of the foot area 
withdrawal of the paretic extremity occurs upon pinching of the skin 
of the sole, or for that matter the skin of any part of the extremity. In 
the baboon, the reflexogenous zone actually spreads throughout the entire 
body so that on pinching the ear one may obtain a withdrawal response.” 

This analysis, like most which precede it, is based fundamentally 
upon Walshe’s (1914) original discussion of “‘the physiological signific- 
ance of the reflex phenomena in spastic paralysis of the lower limbs,” 
in which the extensor response of the toes and foot was placed in the 
category of the nociceptive flexion reflex. Walshe concluded not only 
that the flexion reflex of the lower limb, obtained as here described, 
is a reflex, protective in function and strictly analogous with the nocicep- 
tive flexion of the hind-limb of the spinal (or decerebrate) animal, but 
also that the “extensor response” of the toes is an integral part of this 
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reflex. He emphasized that the extensor response, or the upgoing move- 
ment of the toes, is not separate from the flexion reflex. “The ‘extensor 
response’ ’”’ he continued, “‘becomes, according to this hypothesis, part 
of a co-ordinated purposive movement complex, and it is interesting to 
consider how it compares in this respect with the normal type of plantar 
reflex—the flexor response.’’ Having assigned the pathological extensor 
response to the flexion reflex it became necessary for Walshe to deny that 
the nornial plantar flexion response of the toes bears any relation to the 
nociceptive flexion reflex, and he concluded that the “normal plantar 
response is a unisegmental reflex strictly comparable with the abdominal 
and cremasteric reflexes, and involving no co-ordination whatever, that 
is no reciprocal innervation; it disappears in pyramidal lesions, being 
replaced by a new reflex which is not purely cutaneous and which is a 
co-ordinated movement, namely, the flexion reflex.” 

This concept meets with difficulties when the reflex behaviour of the 
spinal dog or cat is studied, for in this preparation, the nociceptive 
flexor reflex invariably involves plantar flexion of the toes. Thus, although 
the spinal preparation is generally agreed to be the preparation in which 
the flexion response is most fully developed, the extensor toe sign does 
not appear as part of the flexor response to nociceptive stimulation. 

This dilemma has been met by Fulton and Keller (1932) with the state- 
ment that “‘we are therefore inclined to believe that though there may 
possibly be crude homologies in the lower vertebrates, the Babinski 
reflex is essentially a problem of the primate foot.’ Such a conclusion, 
which in one way or another has been proposed by others, and which 
invokes an evolutionary alteration in the pattern of the flexion reflex, 
is hardly acceptable on the basis of general a priori neuro-physiological 
reasoning, for the preponderance of evidence is that at the segmental 
reflex level the dog, the cat, the monkey, and man are fundamentally 
similar (cf. Marshall 1954) and that the dissimilarities in neurological 
behaviour of these species are due to degree and direction of corticaliza- 
tion, rather than in significant alterations at the reflex level. 

Against this conventional identification of the Babinski response 
with the nociceptive flexor response has always stood the independent 
opinion of Babinski himself, who from the time of his earliest studies 
upon the sign rejected the simple view that the response which received 
his name was but a part of a general flexion reflex. Walshe (1914) has 
described Babinski’s position in the following words: “Babinski, by 
whom the ‘extensor response’ was first described under the name of 
‘le phénoméne des orteils’, while regarding the limb flexion as defensive 
in nature, considers the ‘extensor response’ to be a distinct and separate 
reflex, a thing apart, for which he offers no explanation, and which 
remains for him a mystic and inexplicable sign of pyramidal tract affec- 
tion.” Babinski (1922) has made it clear that his opinion in this regard 
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was not mystic, but based on neurological evidence that appeared clear 
to him. First, Babinski was convinced that in many instances the pattern 
of reflex flexion in man does involve plantar flexion of the toes, i.e. 
the nocifensive flexor response after brain and cord damage in man does 
not invariably include dorsiflexion of the toes. Babinski quoted a case 
recorded by Dejerine, Levy-Valensi (1911) in which following a total trans- 
verse lesion of the cord strong reflex flexion was obtainable by pinching 
the skin of the thigh. On stimulating the sole of the foot, moreover, a 
pronounced plantar flexion of the toes appeared. He states, “It is in- 
contestable, I repeat, that the extensor of the toes and the reflex flexion 
of the foot are in the majority of cases associated, and I would be un- 
doubtedly the last to deny it, having been the first to remark in 1900 
regarding the work of Schaffer on the antagonistic reflex of the foot, 
which I will discuss for you in a moment, that in organic hemiplegia 
pinching the skin in various parts of the foot and leg can elicit at the same 
time both reactions. But, however, one can be produced without the 
other. One can observe not only the phenomenon of the toes in the 
absence of the sign of reflex flexion of the foot, but also the reverse 
condition. I have cited in support of my opinion a clinical-anatomical 
observation related by Dejerine, Levy-Valensi, and Long; it concerns a 
case of paraplegia after complete section of the spinal cord where there 
occurred at the same time as very clear defence reflexes an obvious 
plantar flexion of the toe.” 

More significantly, he continued as follows: “I recall also the observa- 
tion published by Pastine regarding a patient afflicted with an absolute 
motor paraplegia with marked disorders in superficial and deep sensibility 
in the lower limbs. I extract from this work the following passage: 
‘The interesting fact for the question which occupies us seems to be this: 
the almost constant ability to obtain by a somewhat strong or repeated 
plantar stimulation, or better by an energetic pinching of the skin of the 
dorsum of the foot, the reflex flexor movement of the foot, of the leg, and 
of the thigh, associated with the clear flexion of all the toes, and by a 
minimal stimulation of the plantar border of the foot, the sign of Babinski 
clearly positive and isolated.’ In this case, it is flexion of the big toe which 
participates in the general movement of retreat, although the pathological 
extension of the same toe exists in all its purity” (1911). Furthermore, 
in confirming the experience of Ozorio de Almeida (1916), Babinski 
was able to show that in subjects presenting the toe sign, compression 
of the lower limb with an elastic bandage might cause temporary return 
of reflex flexion of the toe, the foot itself continuing to execute a reflex 
flexion movement following stimulation of its dorsal region. In some 
subjects Babinski was able to note that before compression there was 
always plantar extension in response to stimulation of whatever region 
of the sole, while after compression an extensor reflex of the toes appeared 
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on stimulation of the external border, and flexion on stimulation of the 
internal border. 

The implication of much of this evidence appears clear; that the 
extensor response of the toes in the sign of Babinski is not a part of 
the nociceptive flexor response, and that on the contrary the normal 
response of plantar flexion is the real component of the flexion reflex. 
This conclusion had indeed been arrived at much earlier by Collier 
(1899), who wrote that ““The economic significance of this reflex is clear. 
In the plantigrade progression, if an irritating object came in contact 
with the sole of the foot, the flexors of the hip acting at greater mechanical 
advantage as regards range of motion than any other muscle, will be best 
adapted to remove the foot from the offending object; the foot is fixed 
by dorsiflexion of the ankle, and the whole surface is at once removed 
from the ground, while the flexion of the toes and the inversion of the 
foot render the skin of the planta lax so that any sharp object will pene- 
trate less easily.” 

For the sake of brevity in this communication I propose to call this 
normal form of plantar reflex characterized by flexion of the toes and 
marked early action of the tensor fascia femoris (as) the “flexor response.” 

The crucial point in regard to the first of the above conclusions; that 
the extensor response of the toes is not a part of the nociceptive flexion 
reflex, is clearly whether or not the adequate stimulus is in effect nocuous. 
Even before Walshe, van Woerkom (1912) had definitely stated that, 
“for the flexion reflex it is strong stimuli that provoke this synergism; 
these are stimuli which in subjects who have not lost sensibility, have a 
painful character. Superficial or deep (forced flexion of the toes on the 
metacarpals), the stimulus adequate for this reflex has, always the same 
quality, and this in greater degree the more distant it is in the reflexogenous 
zone from the planta of the foot.” 

“Granted the painful character of the stimulus we have the right 
to expect as a response a synergism tending to remove the injured region 
from the harmful agent by a movement of retreat, or even an attempt 
to remove the source of the pain by active defence movements, in the 
manner of a frog attempting to wipe acid placed on its leg. And in 
effect this synergism consists in a flexion of the excited limb in all its 
segments; ventral for the thigh and leg, dorsal for the toes and foot. 
By this movement of retreat the limb tends to rid itself of a harmful 
agent.” 

Pastine(1913)may be regarded as the first to contribute to the differentia- 
tion of the sign of Babinski from the nociceptive flexion reflex in reporting 
a case of absolute motor paraplegia with marked deficiency in superficial 
and deep sensibility in the lower limbs, exaggerated patellar and Achilles 
reflexes with clonus, presumably derived from a kypho-scoliosis in the 
cervical and dorsal regions of the vertebral column. In this subject stimula- 
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tion of the planta, pinching the skin of the dorsum of the foot or the 
Achilles tendon produced a vigorous flexion of all the toes, and if the 
stimulus was stronger or repeated, there also occurred flexion of the foot, 
leg and thigh. On the other hand, the lightest possible stimulation of the 
external border of the foot produced an extension of the leg, toe, and at 
times the sign of Babinski. Pastine concluded, “Is this not a critical 
demonstration that the two reflexes in question, although often associated, 
are dissociable, and that in consequence they are not the same thing?” 

Indeed, Walshe (1914) himself must have noticed comparable pheno- 
mena, and he remarked that “In general stimuli of ‘nocuous’ or harmful 
character are the most adequate to produce a reflex, but, on the sole, 
light painless pressure applied by stroking will evoke reflex response.” 
Kuhn (1950) makes it clear that in some chronic spinal men light stroking 
and at times mere touching can elicit the full Babinski response with 
upgoing hallux, dorsiflexion of the foot, and vigorous withdrawal of 
the limb. 

The view thus emerging of the sign of Babinski as a reflex of cutaneous 
origin not depending upon noxious stimulation, and thus not possibly 
a part of the nociceptive flexor reflex, has found further definition in the 
observations of Waggoner and Ferguson (1930) on the development of 
plantar reflexes in children, in which care was taken to grade the intensity 
of stimulation. In children at an age when the normal response changes 
from extensor to flexor, the quality of stimulation often determined 
the type of response obtainable. “In a large percentage of cases in which 
the lighter stimulus gave an extensor or Babinski response, the deeper 
stimulus gave a pure flexor response. It would seem then, that the noxious 
stimuli gave flexion while lighter or innocuous stimuli resulted in extension, 
which would be considered the true superficial skin reflex: We have con- 
sidered the flexion reflex which results from the painful stimulus to be a 
nociceptive reflex. . . . The intensity of the stimulus in a determination 
of the plantar reaction is important since it is a skin reflex. If the stimula- 
tion is too strong, there is apt to be a reversal of the reaction to flexion 
because of the presence of a nociceptive reflex.” 

Davidson (1930) has reported a similar study in a series of normal 
human adults, using stroking and pin-prick as stimuli. He reported that 
‘in 160 feet the big toe under standard stimulus extended in 18, flexed 
in 93, and did not move in 49 cases. When a pin-prick was used, the 
18 feet that originally showed extension now presented flexion in 10 
cases and repeated the extensor in 8. Of the 49 feet that did not show 
the movement of the big toe under the standard stimulus, 11 showed 
no movement when the pin was used, 7 showed extension, and in 31] 
feet the response to the pin was flexor. Of the 93 feet that exhibited 
flexion of the big toe to the standard stimulus, 71 reported this when 
a pin was used. A nocuous stimulus converted a flexor response into an 
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extensor one in less than a seventh of the cases; in more than half of 
the subjects, an extensor movement of the big. toe was converted int« 
flexion.” 

“If the insertion of a sharp pin into the sole of the foot is a valid 
nocuous stimulus, one must conclude that flexion is the normal response 
to harmful stimuli. The Babinski sign cannot, therefore, be a defence 
reaction.” 

It is of course apparent that a pin-prick does not deliver only nocuous 
stimuli, nor does a stroke deliver only non-nocuous. Obviously each 
gives something of both, though in widely differing proportions, and 
this kind of differentiation suffers in absolute value on that account. 
Far less equivocal is the report by Ashby (1949) on the response of a 
patient with neurosyphilis, in whom flexion of the full leg occurred 
along with extensor plantar responses on stroking the sole of the foot. 
Some years later, with progression of the disease voluntary flexor ability 
became greatly reduced and the patient was found to be insensitive to 
“‘fast-pain,”’ e.g. the pain conducted in A fibres. On pin-prick “‘a sensation 
was felt as the pin penetrated the skin and was discerned as sharp and 
punctate, and he could always distinguish it from the glass head of the 
pin. There was, however, no sensation of a painful prick. Immediately 
on receipt of this stimulus there was a rapid and isolated dorsiflexion of 
the hallux.”” The same response could be produced by a light touch 
with a finger pad. Only when the sensation of “slow” pain was produced 
would reflex flexion occur. 

It would thus appear that extension of the toes in the sign of Babinski 
is not a human, or primate component of the nociceptive flexion reflex 
which is released by damage to descending tracts so that it replaces the 
flexor response of the toes occurring in the normal human or primate 
adult as an isolated reflex unassociated with the flexion reflex as postulated 
by Walshe. Nor is it a “pathological” reflex in the sense that it represents 
the substitution in the reflex centres of an abnormal response, i.e. toe 
extension, for the normal response of toe flexion to a nocuous stimulus. 
Rather, the evidence seems best to support the view that the normal 
response of toe flexion to plantar stimulation is the flexor reflex response 
to the nocuous element of this stimulation, and that even in pathological 
states the flexion reflex is still characterized by toe flexion. The extensor 
response is probably a non-nociceptive flexion or withdrawal reflex of 
cutaneous origin, which may be so facilitated by cord or brain damage 
that it becomes the prepotent reflex in certain circumstances. 

If this view be taken it is understandable how the two responses might 
co-exist, and the one or the other might be elicitable with relatively 
minor changes in descending influences which would differentially facilitate 
or inhibit one response or the other. Thus for instance, an infant fully 
asleep may show a flexor response, when half awake extension of the 
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big toe and flexion of the others, and when fully awake extension of all 
toes (Waggoner and Ferguson, 1930). In the same category are the varia- 
tions in the form of the Babinski response under the influence of the Magnus 
and de Kleijn neck reflexes reported by Walshe (1923), the alteration 
between the flexor response during the polypneic phase of Cheyne- 
Stokes breathing and the extensor form during apnoea reported by Tournay 
(1927), the change in response depending upon body position reported 
by Guillain and Barré (1916), Boveri (1917) and many others. Ozorio de 
Almeida’s (1916) observation that application of an Esmarch bandage 
to produce anemia of a limb alters the response from extension to flexion, 
finds its best explanation, perhaps, in the fact that the large afferent axons 
mediating touch are more susceptible to anoxia than the smaller ones 
subserving pain, and would tend to drop out, while the response to nocuous 
stimuli remains to mediate the flexion reflex. 

Such observations point so strongly to the intervention of the reticular 
facilitatory and suppressor systems of the brain stem in the changes 
in reflex excitability within spinal reflex arcs that must serve as the basis 
for the appearance of the Babinski response that only by convention can 
it be considered to be a pyramidal tract sign. 

The classical observations on spinal man of Head and Riddoch (1917) 
and of Riddoch (1917) point in the same direction. In the initial days 
of recovery of reflex activity after spinal cord transection in man, they 
noticed, as Gordon Holmes had earlier, the “downgoing movements 
and adduction of the toe, and in others, at the time of their admission 
to the Empire Hospital, this toe movement accompanied contraction of 
the flexors of the hip and knee and aductors of the thigh.” “This,” 
they noted “is probably the most common early reflex manifestation 
in the lower limb when the cord is completely divided.”” They continue, 
“Downward movement of the toes does not, however, persist for any 
length of time as the toe phenomenon of the flexion reflex of the lower 
limb. As the patency of the reflex arcs increases, the toes gradually 
move in the opposite direction till ultimately they definitely move up 
and ‘fan.’ During the transition stage the response may depend on 
the intensity of the stimulus exciting it. Thus, on the fourth day after 
No. 4 was wounded, a scratch of moderate intensity applied to the left 
sole evoked contraction of the inner hamstrings and downgoing toes. 
With a stronger stimulus, there was flexion at the knee and ankle and 
brief downward movement of the toes, followed by an upward movement.” 

As far as the response in species other than man is concerned, it is 
amply apparent that it is found in the primates including the macaque, 
where it is not associated with discrete lesions of the motor area, or the 
corticospinal projections (Forster and Campbell, 1942, Mettler, 1944). 
Analogous responses have apparently never been observed, or reported, 
in lower mammalian forms where the dominant reflex has been the 





162 H. E. HOFF AND C. G. BRECKENRIDGE 


flexion reflex in which toe flexion joins with flexion at hip, knee, and 
ankle in general reflex withdrawal movement in response to nocuous 
stimulation. It is not unlikely that this physiological preponderance 
of the flexion reflex in the mammal, and in particular in the spinal cat, 
and the marked attention neurophysiologists have directed to it, particularly 
in acute preparations, are in part responsible for the failure to be aware 
of other manifestations, just as they have fostered an incomplete view 
of the reflex changes in the chronic spinal man (Kuhn, 1950). In the acute 
decerebrate mammal, the other major object of neurophysiological 
investigation, another factor has also contributed to the same end. It 
is now apparent that the extensor rigidity of the classical decerebrate 
preparation obscures a number of phasic activities of great interest, 
either by central reciprocal inhibition, or by simple “occlusion” of 
certain motoneurones because of extreme preoccupation with the discharge 
producing decerebrate rigidity. This is made apparent in the somatic 
sphere by the appearance of righting reflexes after phasic activity is 
potentiated by d-amphetamine and in the respiratory sphere by the 
disappearance, after removal of the pons, of apneustic breathing or in- 
spiratory breath-holding characteristic of vagotomized low decerebrate 
preparations (Breckenridge and Hoff, 1950). Elucidation of the functions 
of the facilitatory and suppressor portions of the reticular substance 
makes it apparent that in the classical decerebrate preparation there is 
a distortion of the reflex behaviour of the spinal segments due to pre- 
ponderant deafferentation of the medullary suppressor region while the 
remaining portions of the facilitatory system continue to operate, in 
part spontaneously and in part due to stimulation from the vestibular 
system. With the removal of the more caudal portions of the facilitatory 
system which lie in the lower portion of the pons and upper reaches 
of the medulla, the basic potentialities of the oblongata preparation 
are more clearly revealed. Certain reflexes, notably the stretch reflexes, 
are of course greatly diminished. On the other hand, a variety of spontan- 
eous and reflex phasic movements appear, and these have been called 
attention to briefly by Breckenridge and Hoff (1950). They consist 
principally of motor synergies involving twisting and turning movements 
of the trunk, head and the body as a whole, in acts recalling the athetoid 
movements of clinical neurology. In the extremities, clawing and pawing 
movements appear and in the cat particularly movements take place 
akin to the landing reaction of fowl, involving extension of the limbs 
and extension of the toes. Even in the absence of these spontaneous 
movements, a reflex can be obtained in both fore-limbs and hind-limbs, 
which is strikingly similar to the Babinski response of man and the primates, 
and which can be clearly dissociated from the more general flexor response 
to nocuous stimuli. 

This response has been studied in a series of over 300 dogs and 50 
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cats which were decerebrated in the upper portion of the medulla by 
transection which passed roughly in the plane of the lower portion 
of the trapezoid body. In all the dogs and most cats this transection 
was made following bilateral ligation of the carotid arteries and the 
occlusion of the basilar artery at the lower border of the pons through a 
parapharyngeal route. Respiration continued in all the animals reported 
here, even after vagotomy, as has been described previously (Breckenridge 
and Hoff, 1950). 

In almost all preparations surviving for any significant period of time, 
i.e. over an hour, in which blood pressure and respiration were maintained 
in an adequate manner, two distinct responses to stimulation could be 
obtained, both in the fore and in the hind paws, although the response was 
invariably more pronounced in the former than in the latter. On pinch- 
ing the foot, in almost any area, either the dorsum or the sole, in such a 
manner as would in a normal animal produce a response as though to 
pain, a general flexion response was elicited, involving flexion of the hip, 
knee, and ankle, or shoulder, elbow, and wrist, with flexion of the toes 
(fig. 1B). This is the typical mammalian nociceptive flexor response, which 
by its marked toe flexion resembles the normal plantar response of the 
human foot and is in marked contrast to the extensor response of the toes 
in the sign of Babinski. It is thus clear, as it has been to other workers 
who have studied the dog and cat that the nociceptive flexion reflex in 
these animals bears no relation to the sign of Babinski, and that toe 
extension is not a component of this response. 

On the other hand, when the sole of the foot, particularly around the 
base of the toe pads and between the toes, was gently stroked by a blunt 
object or lightly palpated with fingers or forceps, the response was quite 
different. Instead of plantar flexion there took place a brisk dorsiflexion 
of the toes, often with an obvious though not great element of fanning 
(fig. lc). In active preparations, there often occurred in the hind limbs an 
accompanying flexion at the ankle, knee, and hip. In the fore-limb there 
was flexion at the shoulder, and elbows, but extension at the wrist. In the 
most active preparations the reflex could be elicited in the hind-limb by 
stimulating the entire sole of the foot, which of course in the dog does not 
come in contact with the ground in walking, and the reflexogenous zone 
extended up to and around the insertion of the Achilles tendon. In the 
forepaw, the most acutely sensitive zone for eliciting the reflex was in- 
variably the skin of the dew claw and the area in its immediate vicinity, 
and from this area the distinction between the two reflex responses could 
be most easily demonstrated, for when the dew claw was pinched ever so 
lightly, a brisk extensor response of toe and wrist with flexion of elbow 
and shoulder was elicited, while if the force of the pinch were increased 
there was a prompt reversal of response, so that both toes and wrist were 
flexed while elbow and shoulder continued to flex. 
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There are thus in active preparations of a medullary animal two types 
of responses to cutaneous stimulation—the one, the typical flexor reaction 
in response to clearly nocuous stimuli which involves flexion at all joints; 
flexion at toe, wrist, elbow and shoulder, in the fore-limbs, and toe, ankle, 
knee, and hip in the hind quarters, and a second response which is distally 
extensor and only centrally flexor in nature, produced by cutaneous stimuli 
which are clearly not nociceptive and must therefore be in some way 
related to forms of touch. Indeed, the lightness of touch which can elicit 
the response in some preparations is remarkble. 

A variety of drugs have been found to facilitate the extensor toe 
response, though at the same time, the flexor response is also enhanced. 
Of these, the most marked reactions are to amphetamine and to morphine 
and related compounds. The latter drugs not only lower the threshold 
of stimulation and increase the motor response, but also extend the re- 
flexogenous zone, and in one animal given morphine practically the whole 
of the body surface was finally included. 

What characteristics has the reflex described here in common with the 
sign of Babinski? There appear to be three. First, the adequate stimulus 
is not painful or harmful. Essentially it is not therefore a nociceptive 
reflex. This is attested in both animal and man by the effectiveness of 
manceuvres such as stroking or rubbing, and invariably in animals and 
occasionally in man by the prompt reversal to toe flexion by more vigorous 
stimulation such as pinching. Second is the spread of reflexogenous zones 
beyond the planta, which gives rise to the long list of associated reflexes 
having a more extensive cutaneous origin but the same motor response, 
and which was such a marked characteristic in the baboon as reported by 
Fulton, where the reflexogenous zone included the entire body surface. 
In the animals studied here this phenomenon was in some experiments 
almost equally emphasized, possibly as the result of enhancement of reflex 
irritability by morphine, so that nearly the whole of the skin was included 
in the reflexogenous zone. Finally there are exact correlates in the motor 
components of the act; extension and fanning of the toes constitute the 
minimal response, while generalized flexion and withdrawal at the ankle, 
knee, and hip participate in the complete response. 

The whole reaction must certainly therefore be classed as a withdrawal 
reaction; it is, however, a withdrawal from stimulation other than painful 
or harmful. It probably represents the reflex component of the reaction 
seen characteristically in dogs and cats to wet or sticky substances between 
the toes, which produces just this response. The sensation produced in 
this way we all recognize: it is not painful, nor does it exactly tickle. It 
is annoying and produces in us much the same response of dorsiflexion, 
fanning, and withdrawal. In the dog and cat it is often followed by shak- 
ing or licking the paw. 

Kuhn (1950) and more recently Marshall (1954) have done much to 
re-emphasize the reflex potentialities of the isolated spinal cord, in 
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particular from the standpoint of spinal man. According to Marshall the 
view that the nociceptive flexor reflex is the primary reflex of the spinal 
preparation has come about principally through ignoring those aspects of 
the work of Sherrington and Graham Brown which pointed out the 
existence of active extensor reflexes in the spinal dog and cat. Associated 
with this has been the view that all flexor responses in a spinal preparation 
are part of the nociceptive flexion reflex. This too ignores Sherrington’s 
(1910) clear separation of the nociceptive flexion reflex from the other 
flexor responses. One of these, reflex stepping, can indeed be elicited by 
nociceptive stimulation, but the receptive field is outside the limb in 
which stepping occurs. Indeed, reflex stepping takes place in the crossed 
limb and flexion in the ipsilateral limb, giving the pattern of an animal 
lifting up an injured limb and running off on the other three. Other, 
non-nocuous, stimuli such as suspension of the spinal animal from the 
ground with spine vertical and hind-limbs pendant may. often immediately 
evoke reflex stepping. Although Marie and Foix (1912) invoked this 
reflex as the mammalian counterpart of the Babinski response, the lack 
of (A) an active extensor component in the post-flexion phase, (B) of 
bilateral reciprocation in a stepping pattern, and (Cc) of serial repetition 
in the human Babinski response has convinced most neurologists that 
reflex stepping is not involved in the Babinski phenomenon (van Woerkom, 
1912). The present observation of a hitherto unreported withdrawal re- 
sponse in the medullary decapitate dog, proximally flexor and distally 
extensor, and non-nocuous in origin, is in accord with the broader concept 
of the reflex capacities of the spinal cord. 


SUMMARY AND CONCLUSIONS 


(1) In the medullary dog and cat, i.e. following transection of the 
neuraxis at the rostral border of the medulla, a response is obtainable 
which essentially reproduces the sign of Babinski. 

(2) The response is of cutaneous origin, and the adequate stimulus is 
touch. It is not therefore a nociceptive reflex, and is not a part of the 
classical flexion reflex. 

(3) The central receptive zone appears to be the planta and the inter- 
digital areas, but the reflexogenous zone may spread to include almost the 
entire skin area. 

(4) The motor pattern of the response in the hind-limb is an exact 
counterpart of the sign of Babinski with extension of the digits and 
flexion at the ankle, knee, and hip. Toe extension is the minimal response. 

(5) In the fore-limb the response is one of toe and wrist extension, 
and flexion at the elbow and shoulder. 

(6) The Babinski-like response and the flexion reflex usually coexist, 
the former being elicited by light stroking or rubbing, the latter by more 
vigorous stimulation as by pinching or pin-prick. They therefore con- 
stitute two separate and distinct responses despite their common feature 
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of flexion at proximal joints, which makes them both withdrawal reactions. 

(7) The response probably constitutes the reflex substratum of the 
characteristic canine and feline reaction of toe extension and fanning, 
with withdrawal of the limb when wet or sticky materials come in contact 
with digits or planta, preliminary to licking or shaking. 

(8) The very close correspondence of this reaction with the sign of 
Babinski in man, in respect to (A) the adequate stimulus, (B) the re- 
flexogenous zone, (C) the motor pattern, and (D) their common distinction 
from the nociceptive flexion reflex, justifies the conclusion that this re- 
sponse is the infraprimate mammalian prototype of the sign of Babinski. 
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PLATE VII 


Fic. 1.—Dog decerebrated at the level of caudal margin of the pons. Spontaneous 
respiration. Intravenous injection of 10 mg. d-1 Dromoran caused the spread of the 
reflexogenous zone over the legs and shoulder. Stimulation in these photographs was 
above elbow. A, Normal position of right paw; B, Flexion of toes after sharp pinch 
of skin; c, Extension and slight fanning of toes after gentle stroking of same area. 
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To illustrate article by H. E. Hoff and C. G. Breckenridge. 








CEREBRAL REPRESENTATION 


BY 


WILLIAM GOODDY 


The National Hospital, Queen Square, London, W.C.1 


‘The existence of experimental methods makes us think we have the means 

of solving the problems which trouble us; though problem and methods 

pass one another.” L. Wittgenstein, 1953. 
**Philosophical Investigations.” 


** He most honours my style who under it learns to destroy the teacher.” 
Walt Whitman, 1955. 
**Song of Myself.” 


“Since the days of Jackson we use the term ‘representation’: but again, 
what representation of parts of the body really means, nobody knows.” 


Walther Riese, 1950. 
‘Principles of Neurology.” 


PART I 


SEMANTIC REVIEW OF REPRESENTATION 

IN the course of everyday neurological practice and teaching we make 
use of many words which are traditionally acceptable. These words have 
served us for a long time. Such length of service should indicate their 
worth and utility ; they form the basic vocabulary of contemporary neuro- 
logical explanation. They also imply that their users have had ideas about 
nervous activity which they wished to share with others. But as with all 
such explanatory words, they are likely to be ephemeral, lasting only until 
new fashions in science render them obsolete and strange to modern 
audiences. No doubt our terms will one day be grouped with the humours, 
spirits, phlogiston and phrenology. The oldest neurological words of our 
day were taken from a non-scientific vocabulary and have had a life of 
about a hundred years; it is nowadays difficult to discover how their use 
emerged, or by whom they were selected from the vocabulary of daily 
life. All of us have been taught to accept these words from the moment 
we began our training in physiology and clinical work. 

Examples of these traditional words are “‘levels,”’ “function,” “‘local- 
ization,” “co-ordination,” “representation,” ‘“‘areas,” ‘“‘centres,” to 
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mention only a few. Of these, representation has been chosen for specia! 
study, because this word appears in every important neurological work 
on the function of the brain which has been examined. Yet, in its scientific 
use, this word is unsatisfactory in various ways. It is probable that if this 
semantic analysis of representation is valid, similar analysis of other 
neurological words will follow. 


It may be asked why any neurologist should concern himself with words 
and meanings at all. “Surely,” it will be said, “there are more important 
matters, especially as we all know what we mean by representation? If we 
study words and meanings rather than practical facts, we shall never get 
anywhere.”’ In reply, it may be said that we are well supplied with facts 


of all kinds, but we spend too little time, firstly, in asking ourselves what 
those facts mean, in seeking human benefit ; and secondly, in planning our 
future work by the direction of principles which will make some sense of 
our findings. For example, if the theory of representation is a false one, 
we shall have a very difficult task even to clear the ground for a fresh start. 


During recent years in neurological training, some of the most out- 
standing problems for discussion have been, in the neurological field, the 
mechanisms of voluntary movement, from the cortex down; in neuro- 
physiology, the transmission of the nerve impulse, leading, by the experi- 
mental use of artificially created impulses, to the neurological basis of 
movement. The greatest difficulty in either subject comes from the con- 
fusion of clinical and laboratory facts, when both clinician and laboratory 
worker consider normal and diseased portions of the nervous system as 
positive and negative states of one process. The most besetting fallacy of 
all studies of the central nervous system is this principle of localization of 
function in a part, either (i) because of the clinically observed (negative) 
defect of performance when the part is damaged, or (ii) because of the 
technically observed (positive) effect when a part is electrified. 


It is at this point that the consideration of representation becomes a 
necessity. For representation is at the bottom of so many schemes of 
neurological thinking, whether they be clinical or experimental. 


Because he discovered defects of function in association with damage 
of the brain, Hughlings Jackson proposed and elaborated his theory of 
representation. He stated that there are “levels of representation” from 
the first or “lowest” to the “highest,” where movements are “re-re- 
represented.” To this moment, this theory is everywhere accepted. As 
late as 1954 articles with the word representation in their titles have been 
published in the leading neurological journals. There are, for example, 
“motor,” “sensory,” ‘“‘secondary” representations, “representation of 
movement,” “representation of sensation,” “‘representation of speech,” 
and representation of various parts of the body (with the notable exception 
of the brain). 
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GRAMMATICAL USE OF “‘REPRESENT”’ AND “‘REPRESENTATION”’ 


The word “‘represent” is a well-known English word, though it is not 
in very common use. It is shown thus in the “Concise Oxford English 
Dictionary”: 


represent (-z-), v.t. Call up by description or portrayal or imagination, figure, 
place likeness of before mind or senses, serve or be meant as likeness of, (can you 
represent infinity to yourself?; can only represent it to you by metaphors; picture 
represents murder of Abel; is represented in hunting costume); try to bring (facts 
influencing conduct) home (to) state by way of expostulation or incentive, (repre- 
sented the rashness of it, that it could not succeed); make out to be etc., allege that, 
describe or depict as, (am not what you represent me to be or as; in the corner is the 
Pope represented as a beggar; represents that he has or himself to have seen service); 
act (play etc.), play part of on stage; symbolize, act as embodiment of, stand for, 
correspond to, be specimen of, (sovereign represents majesty of State; inch of rain 
represents 100 tons to acre; globe represents totality; camels are represented in the 
New World by llamas; Welsh football is represented in the team by Morgan); fill 
place of, be substitute or deputy for, be entitled to speak for, be sent as member 
to House of Commons by, (King was represented by the Duke of Norfolk; members 
representing urban constituencies). Hence or cognate representABLE a., representA- 
TION n. (proportional-ion, electoral system so arranged that minorities are repre- 
sented in proportion to their strength), representationAL a. [f. L re(praesentare 
PRESENT®), RE-8]. 


There is no scientific use in this entry. “Representation,” the noun, it 
may be noted, is not defined, but given its meaning “‘hence or cognate.” 
However, the dictionary usage is not to be unduly stressed as it is not 
primarily concerned with the minutiz of special meanings. 

The entry in Roget’s “Thesaurus” is as follows: 

‘*Representation” N. Imitation etc.: illustration, delineation, diagram, graph, 
portrayal; imagery, portraiture; design, -ing; art, fine arts; painting etc.; sculpture; 
engraving etc., photography, radiography, skiagraphy. 

person-ation, -ification; impersonation; drama etc., picture, drawing, sketch, 
draft; tracing, copy etc.; photograph; cabinet, carte-de-visite, snapshot; X-ray 
photograph; radio-skiagraph. 

Image, likeness, ikon, portrait; striking-, speaking-likeness; very image, effigy, 
facsimile. 

figure, -head; puppet, doll, manikin, lay-figure, model, marionnette, bust; 
waxwork, statue, -ette, automaton, Robot. 

Hieroglyphic, anaglyh; dia- mono-gram. 

map, plan, chart; ground plan, projection, elevation; cartography, atlas; 
outline, scheme, view etc. 

artist, draughtsman etc. 


The wealth of synonyms indicates the variety of different ideas to which 
representation may be connected. 

The verb “‘to represent” is a transitive one, and so requires at least two 
nouns. Basically it is “‘re-present.”” It may be used actively or passively— 
“to represent,” or “to be represented.” Naturally, in the passive voice, 
the object represented has to be represented by or as something else. 

There follow some examples of these several uses. 
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REPRESENTATION aS a noun. 
(i) “The representation of Death by a skeleton.” 

(ii) “The representation of Sir Winston Churchill (as himself) in Sutherland’s 
painting has caused much interest.” 

(iii) “‘ Proportional representation is an electoral system, wherein minorities are 
represented according to their strength.”” (Note that Jackson says “‘This is 
what I do not mean.”’) 

(iv) “‘He made representations that he had been ill-used (i.e. he showed himself, 
represented himself as an ill-used man).” 


REPRESENT as an active verb. 
(i) “The painting represents Sir Winston Churchill as an old man.” 
(ii) “The diagram represents (our idea of) the lateral surface of the brain.” 
(iii) “‘The President and Members of the Council of the Association of British 
Neurologists represent us in official matters.” 
(iv) “The neurologist represents the highest form of medical practitioner.” 


REPRESENT as a passive verb. 

(i) “‘Camels are represented in the New World by Llamas.” 

(ii) “The brain is represented by a line drawing.” 

(iii) “Queen was represented by the Lord Lieutenant.” 

(iv) “‘ Movements of the hand are represented by dotted lines.” 

(v) “The area, or part of the brain (stimulation of which by electrical means, 
produced a twitch) is represented, IN THE DIAGRAM, by shading.” 

No. (iv) is an important example. Movements can be represented only by 
symbols suggesting movement. They cannot be represented by a slab of tissue. 
Note in No. (v) that an area of excitability, with movements on stimulation, 
can be represented in a diagram but not in or on the brain itself. 
From these examples we see that there are logical and acceptable forms of 
use of ‘“‘represent’”’ and “‘representation,”’ thus: 
(i) a remembered or visible scene, by a painting, map, model or photograph; 

(ii) a group of people by one person; 

(iii) a mark (circle, square, shading or a word) ON A DIAGRAM, to indicate, in brief, 
that damage or stimulation of this part will be associated with certain 
observable facts. 

The fallacy of the theory of neurological representation is now beginning 
to emerge. It lies in the fact that in neurology, representation is not used 
in any of these logical ways. The fallacy is difficult to detect at first, 
because of custom and habit. The errors may be illustrated in the following 
examples : 

(i) ‘“‘The upper facial movements are bilaterally represented.” 

(ii) “In the sheep, the lips are the areas where representation is most minutely 
cared for.” 

(iii) **‘ Localization of Representation.” 

(iv) “‘ The topographical representation of muscular paralysis is relative.” 


If we take an example such as “movements of the hand are represented 
below the foot in the brain” we find that the essential “‘by” or “‘as”’ is 
omitted. If we force the word “by” into the sentence, there is no satis- 
factory representational object, for movements can be represented, not 
by cells, areas or volumes, but by images or drawings. There are no images 
or drawings in or on the brain; only tissues and vessels and fluids. Move- 
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ments can be represented only IN A DIAGRAM, by some sort of mark, 
conventionally accepted as signifying movement. 

Our difficulties have come from our assumption that there is a diagram 
inside the head, instead of the brain itself. We must continue in this belief 
as long as we adhere to representation as meaningful in neurology. 

Because of the long-continued use of the word representation, there has 
been constructed a gigantic work of clinical and experimental observation, 
forcing us to a rigid scheme in diagnosis, treatment or experiment. 

After this semantic analysis there follows an historical review of the 
use of the word representation. 


PART II 
HISTORICAL SURVEY OF THE USE OF THE WORD REPRESENTATION 


The word “‘representation” was set before the world of neurology and 
neurophysiology by Hughlings Jackson. Within the next few years we 
shall see the centenary of some of his most important papers; it is now- 
adays difficult to find copies of the original journals. Reference is therefore 
made to the “‘Selected Writings.” 

As far as can be discovered from reference to this work, Jackson’s first 
use of the word representation appears in the Transactions of St. Andrews 
Medical Graduate Association, Vol. II (1870), under the title ““A Study of 
Convulsions.” The sentence reads: 

‘*Parts which have the most varied uses will be represented in the nervous system 
by the most ganglion cells.” 

In this context the word is used in a meaningful sense, in that parts are 
represented by numbers of cells. Representation in this sense is similar to 
proportional representation, the electoral process by which the number 
of electors determines the number of representatives. But Jackson 
(Vol. II, p. 99, footnote) specifically states that this is not his meaning: 

‘“*T have been told that the word ‘represent’ is a bad one for the process spoken 
of in the text. It is not one of my own application of evolution. It has only 
recently occurred to me as possible, that it may be taken to mean that parts of 
the body are represented as a borough is in Parliament by delegation. This is 
what I do not mean.” 

As far as can be discovered Jackson never gave a definition of his 
meaning of representation. 

The next use of the word is also in the “Study of Convulsions,” in a 
footnote : 


“But of what ‘substance’ can the organ of mind be composed unless of processes 
representing movements and impressions; and how can the convolutions differ 
from inferior centres, except as parts representing more intricate co-ordination of 
impressions and movements in time and space than they do?” 


In this extract, containing Jackson’s second use of representation, we 
see the emergence of the false use of the word. The brain (“organ of mind”’) 
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is “composed” of “‘processes.”” The solid brain cannot be composed of 
anything except solid structures, such as convolutions composed of cells 
and their fibres. Jackson slides from the idea of a solid process (e.g. 
odontoid, styloid, mastoid process) to a mental concept of processes 
meaning schemes of activity. This logical error is a very grave one, for it 
has led later workers into a wilderness of fallacy. 

The convolutions differ from inferior centres in point of size, shape, cell 
numbers and connections, as well as in anatomical location (thus the idea 
of “‘higher” centres in the head associated with “higher from the ground”’). 
The convolutions could “‘represent” ““movements in time and space”’ only 
if they were seen themselves to execute movements, as they lie within the 
skull. They could represent impressions only by assuming expressive 
attitudes in the manner of actors or statues. 

That integrity of the convolutions in general is essential for movements 
and sensations is obvious. That the convolutions together represent any- 
thing except a brain must be denied. Movements and sensations are 
qualitative, ideas in the mind of the thinker and observer, even though the 
mover and observer are the same person. Jackson realized that move- 
ments do not reside in the brain, but he could not make the all-important 
deduction that movements reside in the mind. 

Jackson never again used the word representation in the proportional 
sense, nor did he offer, even in a negative way, any definition. He con- 
tinued to use the word illogically, with such conviction and with such 
attractive force that the idea of representation of movements, impressions 
and parts of the body was accepted as a basic neurological explanation. 

However many instances of the use of the word representation in 
Jackson’s writings one may examine, one finds the same sort of logical 
error which has been shown above. For example, the sentence “. . . any 
part, especially such a one as the hand, is represented in innumerable 
places” (I, 263) implies the more modern version that “‘representations” 
are multiple or overlapping, and carries with it the idea once more that 
there are such things as representations either in or on the brain. Once 
the student makes the illogical jump to this point, he finds an enormous 
number of conflicting facts adduced to explain and support the notion of 
representation. The very number of papers and books on the subject 
suffices to make a review almost impossible. It is certainly easier to con- 
tinue with the old theory, however conflicting the facts (such as the 
variability of response, often ‘“‘explained’’ by the words “deviation,” 
“facilitation” and “‘reversal.”’) 

The “areas for” the face, hand and foot representation are now by 
general agreement not confined to the original small and discrete areas 
at first suggested. Later observers have found that motor responses of 
these parts have been seen on stimulation of areas far distant from the 
“motor” cortex. Many observers have shown that stimulated “‘points”’ 
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do not provide constant effects, producing at one moment a movement, at 
nother nothing, at another a quite different movement, perhaps even of 
inother limb altogether. From these findings, “‘explanations” have been 
constructed to support representation at all costs, and with great ingenuity, 
rather than stating that the basic theory is no longer valid. So representa- 
tion is “overlapping,” “multiple,” “‘supplementary.”” The limits to which 
explanation of the inconsistencies of the theory may be taken are 
exemplified in a quotation from Bates (1953): 

‘May it not be, in other words, that in depicting the ‘average’ representation the 

motor homunculus should have two back legs?” 

From the time of Jackson’s early work till now there have been several 
men of genius, including Jackson himself, by whose works our under- 
standing has been greatly increased. We acknowledge every time we see 
a patient or teach a group of students this debt, with gratitude and 
admiration. Yet we must see that the work of the great thinkers has in 
every instance been derived from dissatisfaction with ideas that were out- 
worn and obstructive. Such men as Jackson would be astonished to find 
that we had taken so much of his work on trust that we had had nothing 
fundamental to say in extension of his work; only uncomprehending 
imitation. 

In a review of this nature it is not possible to give more than a few 
examples from a few authors. The quotations have been taken, not from 
obscure works merely because they help to prove a point, but from those 
past and present writers who have been recognized as leaders of thought 
in their own day. Many of the older authors remain powerful in their 
influences even now, and their works still supply information of 
unsurpassed quality. 

William Gowers, in his (1888) “Diseases of the Nervous System” 
(Vol. 2, p. 12), frequently makes use of the word representation, and is 
especially interesting in his observations and theories about crossed and 
uncrossed pathways. His main authority for representation is assumed 
from the works of Horsley, Schafer and Beevor. In several places he refers 
to Broadbent’s law which he re-states thus (p. 69): 

‘** Movements are represented exclusively in the opposite hemisphere in proportion 
as they are unilateral, in both hemispheres in proportion as they are bilateral.” 

We still use such phraseology, especially when discussing the upper and 
lower motor neurone types of facial weakness. What we are trying to 
describe and explain is the fact that with a unilateral lesion of the cerebral 
cortex we often find moderately good function in a part which we would 
have expected to be out of action on account of its “representation” being 
affected. We “‘explain’’ the difficulty by creating another representation 
of movement elsewhere. We should say rather: “‘Since, for example, there 
are still to be seen upper facial movements on the side of the body affected 
by a stroke, impulses must reach the facial nucleus along channels other 
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than those put out of action by the stroke (either as they always have done, 
in normal channels from the undamaged hemisphere; or by a roundabout 
route from the damaged side; or from yet other possible places, which 
frankly we have not thought about, because we have never got over the 
idea of a precise representation as proposed by Jackson).’’ We are, once 
more, witnessing phenomena of connexion without any need for repre- 
sentation. Gowers does not mention representation in the index of his 
book, nor is any definition to be found. 

Sherrington (1905), in “‘The Integrative Action of the Nervous System,” 
makes frequent use of the word representation, though he never defines it. 
The word appears for the first time on p. 269 in the Argument at the 
beginning of Chapter 8 with an assumption of a single common meaning, 
thus: 


‘“*Preponderant representation in the ‘motor’ cortex of the same movements as 
are predominantly elicitable as local reflexes from the cord and bulb.” 


A word of such importance should certainly have found a place in the 
index of the “Integrative Action,” for it is surely as important as “apathy” 
or “whiskers.” 

We should not leave Sherrington’s work without noting his views on 
the results to be expected from cortical stimulation: 

“‘Our expectation must be modest, for modest assuredly must be the achievement 
reached by such a means in a problem (the initiation under narcosis of muscular 
movements) of such a nature. The very poverty of the achievement is itself an 
indication that the methods pursued by the physiologist successfully in other 
spheres of his study are here confronted with problems to which they are far less 
suited. It is not that I esteem lightly the labours of the many distinguished workers 
in this field. As far as the methods referred to can avail, it is to the skill with 
which they have been used that we owe what knowledge we have of the topo- 
graphical representation of movement in the various fields of the cerebral cortex.” 


Next comes an example from Oppenheim’s celebrated and excellent 
‘Textbook of Nervous Diseases” (1911). On p. 620, in a figure legend, we 
find: 

‘Special sites of representation for the various limbs, etc., after Grunbaum and 
Sherrington. The area of the motor zone is dotted black.” 


In this extract we find Oppenheim using Sherrington as his authority. 
Oppenheim does not find room for “‘representation”’ in his index. 

Henry Head, in his “Studies in Neurology” (1920) has a characteristic- 
ally original approach to the subject of representation, though he does not 
differ in his general acceptance of the theory, as can be seen in this 
sentence: 

“It is evident that the various fingers are represented topographically in the 
cortical centres.” 


He also has section headings “‘Representation of Parts of the Body” and 
‘Representation of Sensory Functions.” One of his most interesting 
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remarks is to be found in a discussion of the possible representation of the 

axial lines : 
‘**From the point of view of sensation, anatomical representation ceases as soon 
as the first synaptic junction is passed. The body is not represented on the cortex 
as an anatomical entity, but only in so far as it is capable of undergoing conscious 
changes in function. Thus, all attempts to establish a local representation of such 
purely anatomical factors as axial lines are based upon a false conception of the 
nature of cortical activity, and of the significance of central representation.” 


It is very difficult to find the meaning of the statement that “the body 
is represented on the cortex only in so far as it (? body or cortex) is capable 
of undergoing conscious changes in function.” 

A person may be conscious of changes of function, but his body or 
brain cannot be. 

Foerster (1936), in his Hughlings Jackson Lecture, stated : 


“The map of the human motor cortex to be found nowadays in every text-book 
or hand-book of neurology is nothing else but a copy of the picture engraved in 
Hughlings Jackson’s brain.” 


This is the best example of the fallacy with which this paper is concerned. 
There never was a picture engraved in Jackson’s brain. 


Representation was quietly accepted from the time of its origin just 
after the middle of the last century until recent times. About fifteen years 
ago, we find a renewed interest in the whole subject of representation. 


Since that time there have been many papers on the subject in its various 
manifestations. The notable feature of these works has been the attempt 
to reconcile the varying results of observation, derived from clinical and 
laboratory work, even though to an unprejudiced eye these results never 
could be reconciled. It did not occur to any writer that perhaps the basic 
problem was not a valid one. 


Walshe (1943) in a paper of great clarity and force reviewed the whole 
subject of representation and included what amounts to a definition in 
the following words: 


** ‘representation’ is a general term for all those processes in the cortex by which 
these visible results are brought about, and this method of direct observation does 
not concern itself with the analysis of these processes, e.g. conduction in the 
neurone and across synaptic junctions, the physiological basis of facilitation, 
excitation, etc., and the term ‘representation’ as thus employed subsumes all these 
processes.” 


Here we find representation a term for processes responsible for pro- 
ducing visible results. These processes, on careful analysis, prove to be 
the thoughts of the experimenter, or the electrodes. The word representa- 
tion is not applicable. On the other hand, the results of experiment or the 
position of the electrodes may be represented by marks on a diagram. 

In the past ten years there have been innumerable instances of the use 

BRAIN—VOL. LXXIX 12 
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of the word representation. Examples are provided in the following 


references : 
Clark (1948) 
“Despite the widespread use of the term movement representation, until recently 
there has been no attempt to delimit it exactly. . . . It is easiest, and probably 
best, to define multiple movement representation by a process of elimination. If 
‘representation on the motor cortex is not of muscles and if representation is not 
punctate, there is left only multiple movement representation.” 


Jefferson (1950) 


‘**The motor cortex represents movements, fragments greater or smaller of a usefu! 
action, rather than muscles (as Walshe upholding the doctrines of Jackson and 
Sherrington has repeatedly said. . . .” 


Denny-Brown (1950) 
“The topographic representation of muscular paralysis is relative.” 


That the acceptance of the theory of representation is associated with 
many difficulties is noted by only a few authors, among whom are Riese 
(1950) and Brain (see below). Riese, in a discussion of Jackson’s “‘repre- 
sentation of the whole body” in the “highest centres’”’ expressed himself 
thus: 


**Should not the brain be included into the ‘whole body’? But should then the 
area representing the brain not in itself be represented again? One sees that the 
process of representation is an endless one. It seems that even the most generous 
and least rigid scheme of cerebral localization is condemned to reach its critical 
stage. How to get out of this intellectual emergency? Either we break up the 
endless series of representation and turn to some final but immaterial link, thus 
giving up empirical research and adopting vitalistic doctrines. Or, we confess 
that the crisis in interpretation arises from the limits set to our own interpreting 
power, not equipped to reach a satisfactory and complete model of animal life. 
At an age where ‘philosophy’ is left to specialists and forbidden to invade experi- 
mental science, thus, neurology, it may be salutory to bring home to the con- 
temporary neurologist the apparently discouraging, but in reality strengthening 
fact that our scientific knowledge rests on interpretations, and that it will never 
embrace what resists our interpreting power.” 


b 


If this “intellectual emergency,” so admirably stated, is considered as 
insoluble because the word representation is scientifically meaningless (as 
this paper sets out to show), a new capacity for increasing our interpretative 
powers stands forth, as Riese prophesies. 


Brain, in his ““Mind, Perception and Science”’ (1951), p. 8, gives a very 
clear demonstration of the untenable situation created by adherence to 
the representation theory, in the following extract: 


“If physiological idealism is true we might expect to find (when we see a circle) 
that there is something circular about the events at the cerebral cortex, for it is 
these, we are told, which are ‘projected’ on to the outside world when we perceive 
a circle. Nothing of the sort is true. The area of cortical excitation which exists 
when we perceive a circle is divided into two halves, one in each cerebral hemi- 
sphere. Pathways connecting them exist, but these appear to play no part in our 
perception of the two halves of the circle as a whole, for this still occurs when the 
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connecting pathway (the corpus callosum) is divided (Akelaitis, A. J., Arch. 
Neurol. Psychiat., 1941, 45, 288). Neither half is semi-circular; it is roughly the shape 
of _| the closed end lying in front and the open end behind. The right half of 
the circle is represented in the left cerebral hemisphere and vice versa, and the 
lower quadrant is represented above the upper. There is another complication. 
We saw that a circular nervous disturbance occurred in each retina; thus each half 
of the circle has a double representation in the nervous system, and, though the 
pathways for the two corresponding halves—that is, the two right halves and the 
two left halves—come to be close together behind the optic chiasma, and are 
represented in the same area of the cerebral cortex, there is no anatomical point 
at which they fuse, as Sherrington demonstrates in his experiments with flicker. 
Finally, since the two halves of the circle are represented in cortical areas lying 
parallel to each other, the cortical disturbance is three-dimensional. 

Thus when we perceive a two-dimensional circle we do so by means of an 
activity in the brain which is halved, re-duplicated, transposed, inverted, distorted 
and three-dimensional. If physiological idealism is to be really physiological it 
must admit that its theory of projection breaks down because the circle which is 
said to be projected from the cerebral cortex never existed there at all.” 


If we change the word projection to representation in the last paragraph 
(since it has been used above), we may say with equal force that the “‘theory 
of representation breaks down because the circle which is said to be 
represented in or on the cerebral cortex never existed there at all.” 


Later, in the same book (pp. 33 and 34), the author makes clear the need 
for a radical revision of the concept of representation. He points out that 
such an event as the awareness of touch of some part of the body must 
depend, not on the local arrival of stimuli from the part affected at the 
primary sensory area, but upon the “widespread irradiation of impulses 
linking the toe area with the areas which are concerned with awareness of 
the body-image, not only in the same half of the brain but also in the 
corresponding area of the opposite side.” 

He continues with the exceedingly important statement: 

“The same thing (irradiation of impulses) must happen if the sensory area is 
excited by an epileptic discharge or by an attack of migraine. The resulting 
hallucination of numbness referred to some part of the body cannot be the result 


of a discharge limited to the part stimulated. Paradoxically, in order that it may 
be localized, it must irradiate to the anatomical basis of the body-image.” 


This clear statement Brain offers in kindly interpretation of Jackson’s 
very obscure sentence: 


‘“*T must submit that the units making up that division of the highest centres which 
I call the anatomical substrata of subject-consciousness represent (properly 
re-represent) all parts of the body, mainly sensorily, in relation to one another.” 


Brain ends the section on “‘Local Sign in Sensation” with the following 
remarks: 

‘**Hence, when we speak of a part of the body as being represented for purposes 

of sensation at a certain point in a particular region of the brain on the opposite 


side, we do not mean that the consciousness of a part of the body is in some way 
localized there, but that the area in question constitutes a nodal point at which 
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the sensory impulses coming from a particular part of the body are brought into 
relation with the whole body-image by means of pathways which must ramif; 
widely throughout the posterior halves of both hemisphere, to reach Jackson’s 
division of the highest centres, the ‘anatomical substrata of subject-consciousness 
representing all parts of the body in relation to one another.” 

This “‘nodal point” of Brain is comparable with the idea of Wilson (1926) 
in his monograph on “‘Aphasia,” of “‘projection-centre nerve-cells,”’ which 
so far from having specific properties in the speech function, are but 
effector units of the association fibre-systems. This concept of the pyra- 
midal tract as an internuncial system was first proposed by Sherrington 
(1905) and admirably elaborated by Walshe (1947). The ideas behind the 
“nodal point” are of the greatest importance, indicating a new form of 
neurological thought, which is to be elaborated in the final section of 
this paper. 

Penfield and Jasper (1954) in a work dedicated to Jackson and 
Sherrington, provide an extraordinary record of technical achievement 
and observation. The index contains reference to representation itself on 
pp. 58, 66, 67. Representation is used in the traditional manner 
throughout, e.g. : 

**One representation is not sharply demarcated from adjacent representations.” 

These authors do note certain paradoxical features : 
‘“*The movements which are said to be ‘represented’ in the precentral gyrus because 
they are produced by stimulation of that gyrus are not abolished when the gyrus 
is removed, and, on the other hand, the acquired skills of the contralateral 
extremities, which do not seem to be ‘represented’ in the gyrus at all, are abolished 
for ever by gyrectomy. The solution of the contradiction may lie in the definition 
of ‘representation.’ ” 

The expected definition is never given in this book. However, there is 
to be found in the legend of a figure in a paper by Penfield (1954) a concise 
definition: 

**Representation signifies the connexions of gyrus with contralateral anterior horn 
formation of spinal cord and medulla.” 


We agree that stimulation demonstrates connexion. But is “connexion” 
what Jackson meant by representation? It is not. Nor can the whole theory 
of representation be made valid by saying that merely connexion was 
meant. For by substituting connexion for representation we make 
valueless statements. 


PART III 
OUTLINE OF AN ALTERNATIVE THEORY OF ACTIVITY IN 
THE NERVOUS SYSTEM 
If the word representation is valueless, except as an historical curiosity, 
it is necessary to discard it rigorously from practical neurological thought. 
We must recognize that it has hampered and not helped the progress of 
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neurology and neurophysiology. This point of view is exactly expressed by 
Weldon (1953) in his book, “The Vocabulary of Politics.” 


‘Probably the best and commonest reason we have for giving up words and for 
changing their use is that we make discoveries about the nature of the world, and 
a simple instance of this may be found in the history of some technical scientific 
words like‘ phlogiston’ and ‘ether.’ These were invented to help in the explanation 
of chemical and physical occurrences, and it was believed that things or sub- 
stances existed of which they were the names. Great efforts were made to establish 
experimentally the existence of such substances but none were successful. Not 
only were phlogiston and ether themselves unobservable, but it gradually became 
clear that no observable phenomena could be indicated whose occurrence could 
be explained by postulating the existence of phlogiston or ether, since other and 
more acceptable hypotheses would provide the explanations required. Hence it 
was eventually admitted that these were useless words and they were generally 
dropped as worthless linguistic lumber. They still have meanings in the sense that 
they have verbal definitions. They can be looked up in the Oxford English 
Dictionary. But they have no meaning in the sense that they have no use. They 
are dead. 

Such words are simple to dispose of because they are technical words. They 
were deliberately made up to do a special job, and as soon as it became clear 
either that there was no job for them to do or that they were badly qualified to 
do it, they could disappear without trace since they serve no useful purpose.” 


The main problem for the critic, should his findings lead him to destruc- 
tive criticisms, is to satisfy his readers that he himself can make an 
alternative proposal which is either a more complete explanation of the 


facts, or, in the words of Einstein, “‘more esthetically satisfying.” 

The final section of this paper is brief, but embodies a new and simple 
principle. Its brevity indicates that it may be possible to exchange for the 
multitude of opinions and uses of representation, a single concept which 
is independent of representational ideas about cerebral function. 

Acceptance of this concept is not merely of academic interest, for it 
should have important practical consequences, from its implications that 
the search for points of origin of symptoms and functions is based on a 
misconception. Thus, the reasoning behind such methods of treatment as 
temporal lobectomy for certain forms of epilepsy and personality disorder 
will need revision. At present we are told of the local lesion found histo- 
logically after operation, in a piece of brain which showed a macroscopic 
abnormality either to the surgeon’s or radiologist’s eye, and which was 
accompanied by a spike discharge in the electroencephalogram. Such a 
lesion has, explicitly or implicitly, been considered not only as the cause 
of the clinical disorders but also as evidence that normal functions, such 
as “memory” are in some way localized at the site of the lesion (Falconer 
et al., 1955). 

According to the theory to be stated, such an approach is falsely con- 
ceived, and the alteration in the patient due, not to the removal of the 
piece of brain responsible for the origination of the disturbance, but to 
the traumatic alteration in the cerebral connexions, both spatial and 
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temporal (with the possibility of symptoms recurring when the loca! 
trauma itself becomes a scar focus). Removal of a part of the brain must 
produce its effect by altering the function of the parts remaining (Gooddy 
and McKissock, 1951). The production of a spike focus is the evidence of 
impulses, derived by transmission from elsewhere, which are technically 
demonstrable at a surface point. In the words of Wilson (1926): 

*“*... in our ignorance of the physiological nature of volition we can only imagine 

that a stimulus capable of exciting the neurones of the auditory centre is initiated 

from elsewhere in the cortex.” 


The writer is indebted to Mr. Wylie McKissock for the following 
illustrative extract from one of his operation notes: 
‘Stimulation revealed a small area of excitable cortex superiorly and anteriorly 
where finger, hand and wrist movements were obtained. The whole of the lower 
part of what should have been the excitable cortex produced no response to 
stimulation. 

Electrocorticograms soon revealed a small triangular area of cortex from which 
spikes were obtained at almost regular intervals and after this area had been 
delineated, by moving the electrodes, the triangular piece of cortex was excised 
and the defect recorded by cinematography. 

Re-positioning of the electrodes then revealed that spikes were being obtained 
from behind the area excised and a further convolution was removed. Again, the 
electrocorticograms showed that the focus had moved to the next posterior con- 
volution, and again the convolution was removed. Spikes were then obtained 
from behind and below the area excised and a’ fourth segment of brain was 
removed in this situation, leaving a defect about 7 cm. by 5 cm. in diameter. 


The subsequent electrocorticograms showed spikes from an area immediately 
behind that excised.” 

In this striking example we find that after each of no less than four 
successive removals of brain from which spike discharges were locally 
obtained, similar spike discharges appeared in adjacent brain which had 
formerly been inactive. We are left with the impression of these spike 
discharges, relayed from elsewhere, being re-channelled into the next 
cortical area, each time their former surface point of detection was 
eliminated. For it is clearly impossible to relate them specifically to any 
form of abnormality in the tissue removed, after its excision. 

That the spike-discharge is not a product of the locally damaged tissue 
is also demonstrated in this extract. 

Potent criticism of the histological “‘proof” of the validity of removal 
of a diseased part of the brain, in cases of chronic epilepsy with personality 
disorder, has been advanced by Crome (1955). This author points out that 
abnormalities of the brain, similar in pattern to that demonstrated as 
responsible for the symptoms, may be found scattered throughout the 
brains of patients with similar symptoms. 

The rejection of representation forces us to a new and at first sight 
paradoxical theory, which is formulated as follows: 
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If damage to any part of the brain is associated with symptoms and signs, 
we have proof that normal activities could never ORIGINATE in the part 
affected; because loss of function associated with damage to the part must 
be due to the blockage, by the lesion in the part, late in the sequence of 
nervous activity, and not at its origin. 


Explanation of this theory. 

The propositions of (i) origin of activity; (ii) blockage of activity by a 
lesion, require further elucidation. As the result of a number of discussions, 
it has been found that a schematic system is helpful in each proposition. 

(i) Origin of activity——It is suggested that the cycle of nervous 
activity can be shown diagrammatically, in the fashion put forward by the 
writer (Gooddy, 1949), as in fig. 1. 


Fic. 1.—Sensorimotor scheme of voluntary movement. The parts active in voluntary 
movement (A) give rise to sensory impulses, which pass via the special sense pathways 
(B) or the spinal cord (C), to the thalamus (D). Impulses are then relayed to their 
several cortical sensory areas (E) and thence to the sensorimotor cortex (G). There 
are interconnexions between D, E. G and the frontal areas (F). The thalamostriate 
pathways (H) connect the thalamus to the basal ganglia. From the pyramidal and 
extrapyramidal cells, impulses pass down the brain-stem and spinal cord as “upper 
motor neurones” (J), and so, via the ‘‘lower motor neurones” (K) to “the parts active 


in voluntary movement” (A), once more. 
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The brain here appears, not as a site of origin and end of impulses but 
as an important station, through which the flow of impulses passes, from 
the sensory to the motor side, and in which rearrangement of the impulses 
in space and time takes place. It is believed that such alterations are 
associated with perception (Gooddy and Reinhold, 1954). 

This schematic form is based on the classical notions of neurology, and 
in itself introduces no new principle, but from it was shown (Gooddy, 
1949), that a lesion anywhere on the circular pathway, “motor” or 
“sensory,” was accompanied by defects in volitional performance; that is 
to say, blockage of impulses anywhere in the nervous cycle is accompanied 
by defects of function. From this scheme, we derive the proposition, 
mentioned later in ‘‘the second consequence,” that it is impossible to state 
a site of origin of a nervous activity. 

It is interesting to note in passing that we do not say that things or 
functions are represented in the peripheral nervous system, or even the 
brain-stem. Representation is applied always to cerebral regions. 

(ii) Blockage of activity——The brain, which is in shape and volume so 
greatly different from its afferent and efferent channels, the spinal cord and 
brain-stem, is anatomically superimposed (fig. 2A and B), but physio- 
logically opposed at their wider ends, as in fig. 2c. 

If we consider only the effector aspects of volition, that is, the outgoing 
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Fic. 2A.—Simplified scheme of motor pathways (left), and sensory pathways (right), 
indicating anatomical “‘funnelling.” 
Fic. 28.—Diagrammatic form of information provided in fig. 2A. 
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Fic. 2c.—Diagram of physiological relations of afferent and efferent funnels. 


impulses from the brain, we may consider these impulses being channelled 
down one of these funnels (fig. 2B). On account of the increasing concen- 
tration and compactness of structures in the outflow, there is greater 
vulnerability as far as the final product of a movement is concerned in this 
region, but less as far as the pre-motor volition is concerned. We find, 
therefore, that if a lesion causes obvious paralysis, such as may be seen in 
capsular hemiplegia, that lesion lies low in the anatomical channel and 
late in the physiological or temporal sequence (fig. 3A). The clinical defect 


W ' 


; 
Fic. 3.—A, Diagram showing lesion in neck of funnel, with severe blockage of final 
motor channels but none of “‘ penultimate” connexions. B, Diagram showing lesion at 


and above mouth of funnel, indicating little disturbance of impulses in final motor 
channels, but severe interference with ‘‘ penultimate” connexions. 
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is a succinct one, the symptoms being easily described and demonstrated 
by the patient. If the lesion occurs in the position shown in fig. 3B, there 
may be little peripheral defect, such as hemiplegia, demonstrable by the 
classical clinical tests, for obviously all or almost all the lower channels to 
the musculature are open as usual. One expects to find that the effect of 
the lesion is a very slight degree (or none) of local limb paralysis, with 
some more diffuse and “‘ideational” defect of performance, due to disorder 
of the penultimate interconnections, which normally lead, by a kind of 
extrusion process, to the dispatch of impulses into the narrower channels 
of exit and execution. 


That clinical experience follows the theory is evident from the many 
forms of cerebral disorder which accompany cortical damage. (Naturally, 
if such damage is of such size and position that it implicates many of the 
cells, the fibres of which mainly compose the “‘funnelled” outflow, then 
peripheral paralysis may be seen.) We are all familiar with those forms of 
disorder classed under the names of confusion, amnesia, disorientation, 
dementia, aphasia, apraxia and agnosia, sometimes unaccompanied by 
obvious classical cranial nerve or long tract signs. Such clinical entities 
are the accompaniments of lesions in the mouth of the funnel of execution, 
or within the adjacent mouth of the afferent funnel; or, perhaps most 
commonly, between the two. 

In all these schematic explanations, we discover that we no longer 
require to consider the origin of movement. For at whatever point we 
observe, we find no beginning and no end of the time sequence. We find 
only the accompaniments of passage of the nerve impulse. 


The first consequence.—The brain is not the site of the beginning of 
volitional impulses and the end of sensation impulses, but a very important 
and complex “ganglion” (the word Sherrington (1905) used in a similar 
connexion), in the cycle of activity. In disease, the normal channels to and 
from the part which the patient says is ‘““not working—my hand is stiff and 
clumsy,” have been blocked by a lesion. 


Such a lesion may appear, in the autopsy room, as a growth or softening 
half-way down the precentral strip (where we have been taught that “the 
hand is represented”). Such are the anatomical and pathological findings, 
which induce us to make the proposal of localization and representation 
of part or function. In respect of function, it is essential to consider the 
disability described in the patient’s history, in an entirely different way, 
along the lines outlined above. If we neglect the claims of representation, 
we see that the nervous impulses, normally as well as now in disease, in 
their spatial channels and temporo-spatial patterns, must come from any 
or all those parts not affected by disease. In health, they pass without 
obstruction. In disease they cannot pass. The lesion is to be found at the 
site of obstruction. Our principles of localization of lesions hold good, 
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with certain qualifications (Gooddy and McKissock, 1951). But no 
principle of localization of parts or function of parts emerges. 

The second consequence.—We cannot say where or when a set of impulses 
associated with sensation or volition originates, for the whole state of 
ictivity of the nervous system is constantly changing. Every moment the 
nervous system is different, is new, because of the passage of time. The 
cell, dormant a moment ago, is now transmitting nervous energy, and now 
is still again. If we take the estimate that there are 10,000,000,000 cells in 
the brain, with a much greater volume and length of fibres (Sholl, 1953), 
we see that there can be few, if any, moments in a lifetime, when the general 
state of nervous activity is the same as at another. For example, when the 
hand is moved in a circle, there is no point static in space or time to which 
one can attribute responsibility or agency for the continuing but con- 
stantly altering motion. There is, all through life, a stream of impulses 
from the hand to the brain, to the hand, to the brain, to the hand, without 
beginning and without end. 

We may consider also the speech function. Penfield and Jasper (1954), 
in their searches for a “speech representation,” found it impossible to 
produce speech by cortical stimulation. It is here suggested that the reason 
why speech can never be produced by electrical stimulation is that such 
activation affects only a small volume of brain and its connections (pro- 
ducing “‘vocalization’’), during the brief period of its immediate life. Very 
soon after, when the stimulus is absent, but the complete effects of its 
spread have had time to be realized, the patient can make spoken com- 
ments upon his feelings. This capacity, after delay, for normal speech 
(contrasted with the ‘‘vocalization” at the moment of stimulation) is in 
complete accordance with the thesis of this paper, that “‘elsewhere” 
reactions are accompanied by sensation or volition. Jackson himself 
pointed out that speech depends on the whole brain, “in a highly 
co-ordinated manner.” 


The third consequence-——Any movement, of which speech is a special 
instance, cannot be separated from the previous experience and activity 
of the mover. 

Every movement and every sentence must be regarded biographically. 
Thus, every new movement is only an observable stage of a highly com- 
plex process, which never finds an end while life continues. That certain 
movements, such as speech or limb activity, are so frequently and 
universally seen, depends, not on the large or “highly represented”’ centres 
in or on the brain, but on the anatomical dispositions, the morphology, 
which give us our form, and supply us with the apparatus for movement. 
The articulatory mechanisms and the distal parts of the limbs are those 
most highly equipped with motile elements, in all categories. Not only are 
there more bones and finely adjustable muscle groups, but also larger 
agglomerations of nerve cells associated with them. The terms “cervical” 





186 WILLIAM GOODDY 


and “lumbar enlargements” emphasize this point. The needs of worldly 
existence, associated with morphological pattern, cause most human 
beings to carry out movements generally similar to those of their fellows, 
for these are the only movements of which their bodies are capable. We 
see, therefore, that however standard or commonplace a movement 
appears to be, its source is immensely complicated. For the factors con- 
tributing to its origin comprise the whole life of the performer, requiring 
the integrity of all parts of the nervous and locomotor systems, upon a 
stable background of normal health of all the organs of the body. The 
simple movement of making a cross on a piece of paper cannot be separated 
from the career of the writer, who knows for whom he wants to vote. It is 
not possible to relate such a situation to a point on the brain at a moment 
of time. 

The fourth consequence.—With the rejection of the principle of repre- 
sentation, we reject the idea of the brain as a diagram of an organ full of 
departments, each with some kind of technical equipment such as scien- 
tists have designed for our homes and laboratories. We miss the whole 
point of the present theory if we seek an alternative word for representa- 
tion. We have not to seek another word in substitution, but to realize that 
such rejection implies a completely new approach to the subject of 
volition and sensation, in which there is no need for a substitute. 


CONCLUSION 


All those functions, hitherto believed to originate from particular parts 
of the brain, must depend upon the changing state of activity of the whole 
of the nervous system. A function does not originate in a specific region 
of brain tissue, where its “‘representation” has been traditionally located. 


The author expresses his sincere thanks to all those who have provided 
helpful criticism and discussion. Special mention is made of Sir Russell 
Brain, Dr. Margaret Reinhold, Dr. Walther Riese, Sir Francis Walshe and 
Professor J. H. Woodger. Mr. Wylie McKissock’s kindness in providing 
an extract from his operation notes is gratefully acknowledged. 
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THE NAMES OF THE PARTS OF THE BODY 
A LINGUISTIC APPROACH TO THE STUDY OF THE BODY-IMAGE 


BY 


GORDON H. WRIGHT 
(From the Department of Anatomy, University of Cambridge) 


FROM one point of view, language is a reflection of our thoughts. Since 
our thoughts are in some ways conditioned by the nervous systems we 
have, it is probably good sense to hope to find correlations between some 
facts about language, particularly vocabulary, and some facts about the 
organization of the nervous system. A general statement of the way in 
which facts about language can be given a neurological interpretation, 
with some quantitative examples, has been made already (Wright, un- 
published thesis, 1954): the present paper will be limited to a discussion, 
from a neurological standpoint, of such names of parts of the body as occur 
frequently in general literature. 


PART I 
(1) SOURCES AND CRITERIA 

To set a reasonable limit to the enquiry, only English names have been 
considered. Much support has, however, been derived from Miss Helen 
Eaton’s studies in French, German and Spanish, and some from C. D. 
Buck’s studies in the whole Indo-European group of languages. An 
attempt has been made to compile a list of the most important names of 
the parts of the body, from these and other independent linguistic sources. 
Three criteria of “importance” have been used: the frequency of occur- 
rence of a name, the length of time it has been in use, and its linguistic 
interest. 

Frequency of occurrence.—The frequency of occurrence of any word in 
colloquial use is very hard to determine accurately; but the frequency in 
written language of many commonly-used words and phrases has been the 
subject of several enquiries. Of special note are Miss Eaton’s studies, 
which have been concerned not with the frequencies of words as such, but 
with their frequencies when used in particular connotations. It is true that 
written language differs from spoken language in several ways, and 
notably in the balance of subjects discussed; but whilst written sources 
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may be deficient in some topics of great biological importance, they are 
likely to show, collectively, a greater variety of topics than could easily be 
found in ordinary conversation. Miss Eaton compiled a “Semantic 
Frequency List”—a list of the words or phrases for the 6,473 most fre- 
quent of the “concepts” that are common to the English, French, German 
and Spanish languages, arranged in groups determined by their frequencies 
in the four languages (Eaton, 1940). The “concepts” range through all 
parts of speech so as to include every common conceptual element of 
language. Her list was prepared from four independent word-frequency 
lists compiled by other authors from varied and very extensive sources 
running to a million or more words in each language (French | million, 
Spanish 1-2 m., English 9-5 m., German 10-9 m.). Each group of con- 
cepts was assigned a rating or “score.” Thus the commonest concepts of 
all had the rating 1, the next commonest 1-1, the next 1:2, and so on to 
1-9, 2, 2-1, and the rest. Some examples may make this clear. In the group 
rated 1 (the commonest of all) are over six hundred items so varied as to 
include “‘book,” “‘hope (vb.),” “hope (n.),”’ “God (g),”’ “‘the,”’ “‘seven,” 
“much,” “‘government,” “good morning,” “of” and “‘so that.” In the 


group rated 7-2, which contains 105 concepts low in the sixth thousand, 
there are “buffalo,” “frankness” and “‘zigzag.’ 
that frankness is no commoner than the buffalo!) 

In Eaton’s list are seventy-five names of “‘tissues” and parts of the body; 
in cases of possible ambiguity, the specifically anatomical application of 


> 


(It is surprising to find 


each name is made explicit. Of these seventy-five names, ten are of tissues 

~—blood, flesh, bone and the like—and sixty-five are of specific parts of the 
body. Of the specific names, almost exactly half are among the first four 
thousand concepts, and the other half are among the fifth, sixth and 
seventh thousands; the full distribution is shown in fig. 1. This distribu- 
tion suggests that for most ordinary purposes a mere thirty or so names 
of parts of the body suffice; but that for more detailed discussions, which 
occur less commonly, about twice that number are needed. All of these 
names and their ratings are given in Appendix I in two lists, thirty-three 
names in List A (those that are among the first four thousand concepts of 
Eaton) and thirty-two in List B (those among the fifth, sixth and seventh 
thousands). These two lists serve as a useful starting-point for the present 
analysis. 


Number of syllables —Now of the thirty-three names in List A (those 
that occur more commonly) twenty-eight are monosyllabic; whilst in 
List B only fourteen of the thirty-two are monosyllabic, just half as many. 
This difference is interesting, because it has been shown by Zipf that 


‘“*. . . the length of a word, far from being a random matter, is closely related to 
the frequency of its usage—the greater the frequency, the shorter the word. .. .” 


He found that that was true in each of the three rather different languages 
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Fic. 1.—Distribution of the names of parts of the body in the successive thousands 
of Eaton’s ‘Semantic Frequency List.’’ Un-hatched: 33 names in List A (the first four 
thousands). Hatched: 32 names in List B (fifth, sixth and seventh thousands). 


that he investigated, English, Latin and Chinese (Zipf, 1935). It might be 
supposed that the difference in the present instance is due, in part, to the 
fact that more of the names in List B are derived from Latin or Greek 
sources ; but of the eighteen di- or tri-syllabic names in List B only seven 
are from such sources. Thus there are considerably more names of one 
syllable in List A (those that are more frequent according to Eaton’s 
rating) than there are in List B. 


Date of first occurrence in English—On the whole, it is probable that 
in any language the most important names will have been in use for the 
longest time. The Oxford English Dictionary (O.E.D.) of 1933 quotes, for 
each word, the oldest known passage in English in which that word has 
been used in a particular sense. The dates of these quotations for the 
names of the parts of the body are given in full in Appendix I, and are 
shown in summary in fig. 2. The figure shows that, in both groups, the 
names were first brought into the English language during two periods; 
an early period that ended about A.D. 1000, and a medieval period that 
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800 1000 1200 1400 1600 A.D. 


Year of first occurrence in English 
Fic. 2.—Dates when names of the parts of the body were first used in English (from 
the O.E.D.). The height of each line indicates the number of names first used in the 
year concerned: there are separate charts for names in List A (above) and names in 
List B (below). Note that no new names appeared in either group between A.D. 1000 
and 1240. 


began nearly 250 years later. The long intervening time, when no new 
names were introduced, may have been blank because of the Norman 
Conquest. As Logan Pearsall Smith (1953) has put it: 


“We now come to the Norman Conquest, which was destined to change and 
transform our language in so radical a manner. Of its effect on English grammar 
we have already spoken; its influence on the English vocabulary was still greater, 
but did not make itself felt for a considerable period of time. For nearly one hundred 
and fifty years the two languages, Anglo-Saxon and Norman French, ran side by 
side without mingling; French being the language of the government and the 
aristocracy, while English was reduced almost to the condition of a peasant’s dialect. 
Some relics, however, of written English during the first hundred years after the 
Conquest have been preserved, and after the year 1150 these grew somewhat more 
numerous; although . . . it was not till the 14th century that a standard English was 
established, and authors ceased to employ in writing their own local dialects. 

“The largest class of words adopted into English between the Conquest and the 
the year 1200 are of an ecclesiastical character, and show the influence of the 
Norman devotion to the Church. . . . The remaining words are almost all connected 
with government and war and agriculture... . 

“In the 13th century the process of borrowing went on with great rapidity, and 
hundreds of French words were adopted into English, which now began to assume 
the composite character which it has ever since retained.” 


Twenty-eight (84-8 per cent) of the names in List A, but only thirteen 
(40-6 per cent) of those in List B, were added in the earlier period; and 
when, by 1325, every one of the names in List A had come into use, there 
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were thirteen (or 40-6 per cent) of those in List B yet to come. On the 
average, names in List A have been in use for just over_250 years longer 
than those in List B. It might be supposed that an ancient word is found 
more frequently in our literature for no other reason than that it has been 
a part of the English language for a longer time, and that its age is there- 
fore not an independent test of the importance of a name; but that is 
disproved by the fact that there are in List B as many as thirteen words of 
the earlier period, ten of them scattered through the fifth thousand, and 
three in the sixth thousand of Eaton’s “‘concepts.” 

Linguistic interest—This has been gauged in three ways. The most 
important measure has been the amount of space devoted to the name in 
the O.E.D. Thus “hand” and its immediate derivatives take up 48-72 
columns (over sixteen pages) of the Dictionary, whereas only 0-16 of a 
column is devoted to “‘armpit.” These are the extreme examples. Such a 
measure is inevitably a rough one; among the factors that determine it 
are the complexity of the history of each word and the possibly somewhat 
arbitrary number of quotations of its uses. Moreover, figurative uses— 
as in “head of state,” “leg of a chair,” “finger in every pie’—greatly 
swell the entries, and unequally at that; but, as will be discussed in 
another place, a study of these important derivative uses strengthens 
rather than weakens the argument. Again, these measurements are only 
of the “obvious” entries that immediately follow the names of the parts; 
they take no account of scattered ones such as manual, pedal and collar 
which, properly, should swell the figures for the corresponding parts of 
the body. The average number of columns devoted to a name in List A 
is 12-01 (S.E. 1-81); whilst the average number for List B is 2-37 (S.E. 0-36), 
or less than one-fifth as many. 

As an independent check on “linguistic interest,” C. D. Buck’s 
“Dictionary of Selected Synonyms in the Principal Indo-European 
Languages” has been consulted; his section on “Parts of the body...” 
contains forty-six lists of names for the parts, with their semantic origins 
where known (Buck, 1949). Of the thirty-three names in List A, thirty-one 
appear in Buck’s list; but of the thirty-two names in List B only nine 
occur in his list. 

C. K. Ogden’s book ““The ABC of Basic English” (1932) gives a list of 
850 basic words in the English language. This list includes twenty-nine 
names of parts of the body and five names of “tissues” (blood, bone, 
muscle, nerve and skin). Many of the names—such as body and back— 
clearly have other applications as well; but in every instance except one, 
“chest,”’ the application to a part of the body was the primary one. Of 
the twenty-nine “basic” names, no fewer than twenty-seven occur in 
List A, and the other two in List B. 

Summary of this section—Thus the names in List A are not only of 
more frequent occurrence than those in List B; they are also more of them 
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monosyllabic (this fact corroborating the greater frequency), they are of 
greater average antiquity, and they are of greater average linguistic 
interest. There is thus good agreement between the various methods of 
arriving at lists of the sixty-odd names of parts of the body that occur most 
frequently, and may be considered to be the most important, in written 
English. 


(2) GENERAL OBSERVATIONS ON THE LISTS 


Before these lists can be analysed in detail, they must be examined 
critically from a general viewpoint. For instance, might it not be said that 
many of the names in List A, such as body, eye, face and head, occur so 
frequently because they apply also to the parts of animals other than Man? 
Against this objection it may be said that, low in List B (in the sixth and 
seventh thousands of Eaton), are such names as liver, belly, hip, eyelid, 
gum and kidney, all of them referring to parts found equally in Man and 
in other animals. Moreover “hand,” a name that is used exclusively of 
the human part, is one of the commonest of all (Eaton’s rating is 1) and 
has the largest entry of all names in the O.E.D. “Hair,” whose rating is 1 
as well, is less commonly used of animals than are such terms as fur, coat, 
pelt and wool. “Leg” occurs less frequently than “arm,” in spite of being 
the more usual name for the fore-limb of a quadruped. 

Similarly, some parts of animals—notably the heart (first thousand), 
neck, shoulder, tongue and leg (second thousand), brain (third), rib and 
loin (fifth), liver (sixth) and kidney (seventh thousand)—have a special 
importance as articles of food; but their names are widely scattered 
through lists A and B, as indicated, and the order of their frequency of 
occurrence is by no means the order of their importance to the butcher 
and the housewife. We may therefore surmise that the parts of animals 
are not named often enough in writing, seriously to affect the frequency- 
order. 

A lack of precision in the use of words undoubtedly affects the detailed 
composition of the lists. For instance, “hair” can mean the hair on the 
top of the head, or a patch of hair on some other part of the body, or a 
single hair, or the “tissue”’ hair in general: English differs from some other 
languages in having only one word for them all, apart from those specific 
patches the beard, eyebrow and moustache. Similarly ‘arm’ may apply 
to the whole limb, or to the limb less the hand, or merely to the part of 
the limb between shoulder and elbow or elbow and wrist. Again, “‘palate” 
means the same as “roof of mouth,” and it is probably used less commonly ; 
yet in Eaton’s list only “palate” is given, and one must suppose that if it 
were the only term used for that part of the body it might well have a 
higher frequency-rating than it has. 

More serious as a source of error is the use of euphemisms. There are 
parts of the body which, in polite conversation or writing, are seldom 
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named except in a medical context. One might talk of cancer of the breast 
or breast-feeding and yet, in conversation with the same person, use in 
another context the euphemistic “bosom” or “bust” or “figure.” Some 
names of parts, and some topics, are avoided whenever possible. These 
taboos may account for the absence from Eaton’s lists of the words nipple 
and teat, navel and umbilicus, bladder, anus, and all names for the external 
genitalia. There are, however, other possible explanations of their absence, 
that must be considered later; one may note that not only these tabooed 
names, but also such “innocent” ones as knuckle, forearm, calf (of the 
leg), shank, spleen and pancreas are all absent. 


Many names of parts of the body are used figuratively: we talk of the 
hand of fate and the arm of the law; of the foot of a mountain, the mouth 
of a river and the face of a cliff. It might be supposed that these meta- 
phorical usages must change the relative frequencies of the different 
names; but in fact it seems that there is a high correlation between fre- 
quency of figurative usage and frequency of literal usage, so that the order 
of frequencies is little affected. In the particular cases of “‘back” and 
“*side,”” however, the very important application to general spatial relations 
may disproportionately swell their frequency and linguistic interest. 


(3) DESCRIPTION OF THE BODY IN THESE TERMS 


The human frame can be described simply, in the terminology of List A, 
as consisting of a central trunk or Bopy (Eaton’s rating 1) with five large 
and obvious appendages—a HEAD (rating 1), two upper limbs or ARMs (1), 
and two lower limbs or LeGs (1-9)—each of which, one may note, has a 
relatively mobile connexion with the body and may, on occasion, be 
partially or totally amputated from it. In the central body four main parts 
are distinguished, the sIDE (1), the BACK (1-4), and that part of the front, 
the CHEST or BREAST (1-9), that is above the walisT (4-4). In the upper limb 
are distinguished the HAND (1), FINGERS (1-4), SHOULDER (1-5) and THUMB 
(4-3); in the lower limb the Foor (1), KNEE (2) and SOLE (4-3); and in both 
limbs the NAILS (3-1). The parts of the head that are frequently named are 
the FACE (1) with its EYES and MOUTH (1), and the HaiR (1). A little less 
commonly named are some sub-divisions, the Lips (1-4), the EARS and NECK 
(1-5), the NOsE (1-7), the FOREHEAD and TONGUE (1-8), the THROAT (2), the 
TEETH (2-3), the CHEEK (2-5) and the BEARD (3-2). Three internal organs 
are named, which cannot be seen unless violence is done to the body: the 
HEART (1), the BRAIN (3-3) and the STOMACH (3-7); but this last name is in 
List A, precariously, only because it is used of both internal and external 
“stomachs.” (To the anatomist this word may be incorrect for “‘abdo- 


1 An analysis of the names of parts of the body from a psycho-analytical viewpoint, 
interesting as it would be, is outside the scope of this article. See, for instance, ‘Body 
Symbolization and the Development of Language,” by L. S. Kubie (1934), Psycho- 
analytic Quarterly, 3, 430 444. 
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men”; but to the layman both “‘stomach” and “‘belly” have always meant 
either the external or the internal structure; see Buck, p. 252, and the 
O.E.D. Moreover, to the child the abdomen is “tummy,” that is, 
stomach.) Thus thirty-three names are adequate for most ordinary 
purposes ; we may recall that the layman often says that his “teeth are 
bleeding” or that his “eyes are swollen up.” 

A more complete description of the body is possible if one uses the 
names of List B as well. Thus the trunk has riBs (5), Lomns (5-7) and a 
BELLY (6:2; almost synonymous with “‘stomach”). The upper limb has 
ELBOW and PALM (5-1), WRIST (6-1), INDEX FINGER (6-3) and ARMPIT (9-4); 
whilst the lower limb has ANKLE and TOE (4-6), HEEL (4-9), THIGH (5-2), 
HIP (6-4) and BUTTOCK (10). The head and face have TEMPLE (4-8), PUPIL 
(5-3), CHIN (5-4), eye-SOCKET (5-5), JAW (5-6), NOSTRIL (5-7), EYEBROW (6:3), 
EYELID (6°7), GUM and SCALP (6:8), IRIS (7), MOUSTACHE (7:4) and PALATE 
(8-1). Violence to the body may reveal wos (4-9), LUNGS (5-2), LIVER (6), 
BOWEL (6-4) and KIDNEY (7:3). 

The structure of the body is worth considering, too. One may describe 
the “‘tissue-anatomy” of the body in the following way, using each name 
in the order of its frequency of occurrence. Any damage to the body 
causes the shedding of BLOoD (1), and exposes FLESH (2), covered by SKIN 
(2). If flesh is taken away, deeply enough, BONE (2-6) is revealed. In the 
flesh are “NERVES” (3-5; no doubt including tendons) and “VEINS” (3-6; 
doubtless including arteries as well). More careful examination of the 
flesh shows that it is organized into MUSCLES (5-6). When the flesh is 
stripped off, it is found that the JomnTs (5-8) are places where the bones are 
discontinuous. Many of the muscles are found to end in sINEws (6) 
attached to bones. When all of the flesh has been removed or allowed to 
rot away, there remain the SKULL (6) and the SKELETON (6-7). 

Thus we obtain a fairly comprehensive picture of the human body. It 
is, of course, very incomplete from the anatomist’s viewpoint, even in 
respect of obvious external parts of the body like the forearm and the calf 
of the leg. The important thing is, however, not that the picture is scien- 
tifically deficient, but that it represents the layman’s view, or at least the 
literary layman’s view, of the human body. As the product of his mind, 
and as the picture that is presented to all of us in our general reading, it 
must be of the greatest interest. The parts that are named often must be 
those that have repeatedly attracted the attention and interest of observers 
and have as often been considered worth naming and writing about. 

We must now consider how this verbal picture of the body came to be 
written in this particular form. 


PART II 


The composition of the lists —How does a name come to be included in 
the lists? The trite answer is, that it is the name of an important part of 





196 GORDON H. WRIGHT 


the body: most of the parts named, especially those in List A, have an 
obvious functional importance ; deprivation of the use of eye, mouth, hand 
or foot has immediate and obvious consequences. But it is clearly not 
enough that a part of the body should be important; the liver, the kidney, 
the hypophysis and the adrenal gland are all essential to life—yet the 
liver and the kidney both have lower ratings than the thumb, whilst the 
pituitary and adrenal glands are not listed at all. First a part must be 
known to exist—must be perceived by one or more of the sense-organs— 
and then its importance must be recognized. However, it is still not 
enough that a part of the body should be perceived, and realized to be of 
biological importance; it must also be of interest in many contexts. For 
if one considers only the perceptibility of the parts, why should eyelid and 
lip appear in the lists, but not the tragus of the ear and the nipple? If the 
palm of the hand, why not its dorsum? If mouth and nostril, why not 
external auditory meatus, navel, anus and vulva?—all are of the greatest 
importance. The absence of anus and vulva from the lists may be 
accounted for by taboos; but it is also true that both are normally con- 
cealed from view and so do not enter, as do most other parts of the body, 
into the often-repeated visual image of the body. Neither of these argu- 
ments is likely to apply to the shank—for it is large and conspicuous, and 
is not subject to taboo. The possibility is, that the contexts in which these 
names can be used are limited in number and variety: that names that 
appear in the lists do so because they are commonly needed by writers on 
a great variety of subjects. With this in mind, we should consider the 
parts played by the various sense-organs. 


Internal organs.—It is clear that the eight internal organs (heart, brain, 
stomach, womb, lung, liver, bowel and kidney) differ from all the other 
named parts in respect of a sensory analysis. They are by most people 
seen seldom or never in a lifetime, except in a butcher’s shop, and are as 
rarely handled or smelled. The man with any visual, manual or olfactory 
knowledge of his own internal organs must be very rare, and such know- 
ledge of other people’s internal organs must be rare outside certain 
professions. For the rest, all knowledge of the shape or appearance or 
other perceptual qualities of these organs must be hearsay, verbal know- 
ledge, guided (or mis-guided) by observation of the entrails of animals 
and by pictorial representations. Five of these viscera cannot be perceived 
by the ear, and the other three make noises from which the layman can 
infer very little. Most of these organs on occasion, some only exceptionally, 
can be sites of painful disorders ; but the pains give vague or even erroneous 
ideas about the shapes and even about the positions of the organs. 
Similarly there may be other visceral sensations, in health or disease, that 
give little idea of the locations of the parts, and no idea of their shapes and 
sizes. Yet, as with the external parts, our customary analysis is a struc- 
tural one, based on the first-hand visual and manual knowledge of a 
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comparatively small number of “‘experts.”” The layman’s knowledge is 
not direct, but almost entirely verbal and pictorial. 


With this difference between the viscera and the external parts goes a 
second, equally obvious and equally important. Whereas the functions 
of the outward parts are known, even to the most naive, by simple per- 
ception, many of the functions of the internal organs, even the basic ones, 
have been discovered only with the greatest difficulty; witness Aristotle’s 
mistake about the functions of the brain. Hence the layman’s knowledge 
has always been hearsay knowledge, and much of it has been misleading 
or totally fallacious. The enormous importance of “heart,” linguistically, 
is surely due to mistaken beliefs about the nature and functions of the 
heart. This word was first used in English c. A.D. 825, in the senses: 

‘*... centre of vital functions : the seat of life : the vital part or principle : hence in 


some phrases = life : MIND, in the widest sense, including the functions of feeling, 
volition and intellect. . . .” 


By c. A.D. 1000 we find it used in the anatomical sense of 
. . . the hollow muscular or otherwise contractile organ . . .” 


“é 


but also as the 


“ce 


. seat of one’s inmost thoughts and secret feelings; one’s inmost being; the 
soul, the spirit.” 


Similarly the kidney, as once the supposed seat of the affections, and 


the liver, as concerned with courage and with the temperaments, have been 
mentioned frequently for reasons that may be called unsound and 
“unphysiological.” 

Visual analysis —The eye itself, as the external organ of vision, is often 
named. All fifty-seven of the external parts in our lists are recognizable 
by their visual appearance, and puPIL and IRIs are recognizable in no 
other way, unless a careful dissection be done. The TEMPLE is thought to 
have been so named because it is the part of the head where the passing 
of time can first be seen by the greying of the hair that it causes; it is 
certainly the colour and general appearance of the hair there that make 
the temple interesting. Apart from these three, there are in the list twenty- 
two other parts of the head and neck that can be freely seen in other 
people, and there are seven parts of the upper limb (from the wrist, 
distally) that are habitually uncovered and freely visible. Thus there are 
thirty-two parts of the body in our lists that are seen exceedingly com- 
monly; and there are twenty-five others that can be seen, and are seen 
commonly or uncommonly according to circumstances of climate, age, 
the occupation of the moment. A review of the parts that are seen 
commonly makes it clear that all are of some interest for their shape, even 
at rest, and that this accounts in part for the frequency of usage of their 
names. Some—notably the hair, temple, beard, eyebrow, moustache and 
iris—are of great interest for their colour, to which they undoubtedly owe 
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their relatively high positions in the frequency-lists. The colour of the 
skin of all other exposed parts, especially the lips and cheeks, is presumably 
a factor that has contributed to their high frequency. It is these shapes and 
colours, particularly of the parts of the head and face, that are the chief 
basis of our judgments of identity, and are an important part of the basis 
of our judgments of personal beauty or ugliness; it is by them and their 
changes that we judge the age, mood, emotions, thoughts and capacities 
of those about us ; and it is by them, in large measure, that we are attracted 
to people or repelled by them: the importance of co/our in this respect has 
been emphasized by Schilder (1935). It seems, then, probable that our 
images of the bodies of most other people are largely visual ones; the 
composite or “‘average” image formed by the fusion of all of these is the 
norm against which we measure each individual one and with which we 
compare the visual and other images we have of our own body. The 
visual image of our own body is, of course, a very partial one; most of 
the head and face, and some parts of the trunk, are known only by their 
appearance in the mirror, and the view of our limbs, though complete, is 
a very cramped one. 

Manual analysis ——The hand is often mentioned because it is the chief 
organ of touch. Every one of the fifty-seven named external parts of the 
body, except pupil and iris, can be readily perceived by hand or finger, 
though there may be fewer opportunities for such perceptions than there 
are for visual ones. The outward parts of our own body are explored in 
detail from a fairly early age, and the resulting tactual or manual image is 
fused with the visual image, such as it is. This manual image is, of course, 
not purely tactile but proprioceptive as well—s/aptic, to use the terminology 
of Révész (1950) and Critchley (1953). Outside the circle of our family and 
friends, we seldom touch any part of a person’s body except his hand, 
unless our Occupation necessitates it—as barber or bone-setter, doctor or 
dressmaker ; the images we have of most other people are mainly visual. 
The closer our physical relationships (this really means factual relation- 
ships) with other people, whether by reason of kinship or by reason of 
our profession, the more intimate and thorough is our manual knowledge 
of them, and the more potent is the manual component of the images we 
have of them. 

Manipulation is of particular importance in the appreciation of the 
relative mobilities of the parts of the body—for distinguishing hand from 
arm, lips from mouth and cheeks. Manipulation is also of prime import- 
ance in constantly reaffirming the corporeality of ourselves and other 
people—in putting substance, one might say, into the body-image. Thus 
many of the same haptic perceptions that are of importance in the con- 
struction of the body-image are likely to lead to the naming of parts of 
the body, in writing. 

Auditory analysis.—Several parts of the body might be named in con- 
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nexion with some sound; as the noise of a slap or a thump on the chest, 
of the blowing of one’s nose, or of the creaking of a joint. But the only 
named parts that commonly produce sounds are the mouth, lips and 
tongue, the hand and digits, and the foot. The voice and accent of a 
person, the sound of his footsteps, and—if he is a musician, or a carpenter 
or a blacksmith—the sounds that he makes with his hands, are all likely 
to be spoken or written about, and they may also form an important 
part of our image of him. Disease or injury of almost any named part of 
the body may cause cries to be emitted ; and all of these sounds are heard 
by the ear. Thus some occurrences in writing of almost all names of parts 
of the body are due to an auditory interest. None the less, it remains true 
that a majority of the really interesting sounds associated with parts of the 
body are ones made by the mouth, the hand and the foot; and it is sig- 
nificant that the capacity of these organs to make a variety of sounds that 
interest, and delight or annoy, is bound up with the richness of their 
sensorimotor innervation. 


The importance of pain and visceral sensations.—All parts of the body 
are named on occasion because they are the seat of painful afflictions. 
Some parts are named more frequently than the rest, because they are the 
sites of common troubles like toothache, earache, headache, throbbing in 
the temples, sore throat, stomach- or belly-ache, and backache. Less 
severe, but commonly mentioned, are the aches that afflict tired eyes and 


feet and legs. The heart is named often, as a true source of pain, as the 
supposed source of “pain in the heart” and “heart-burn,”’ and also as the 
seat of the emotion “‘heart-ache.” The liver commonly, and the kidney 
less so, are mentioned as the seats of painful or disagreeable disorders. 
The pangs of childbirth probably increase the frequency of mention of 
womb and belly and back. One reason why all of these parts of the body 
are named as often as they are is thus that they are commonly the source— 
or are supposed to be the source—of pain or discomfort. As Schilder 
(1935) and Lhermitte (1939) have emphasized, these same aches and pains 
are of the utmost importance in the building up of the body-image. 

The emotions.—Perceptions of various species have now been con- 
sidered as being of sufficient “interest’’ to warrant a written record. Often, 
of course, this “interest” is a matter not of the pure intellect but, quite 
blatantly, of the emotions. 


The ascription of various emotions to the heart, kidney and other 
viscera has been discussed already; and we are now concerned with 
emotions that are associated with the sensory or motor activities of the 
external parts of the body. A shrugging of the shoulders, turning up of 
the nose, moistening of the eye or trembling of the legs, is indicative of 
feeling. More actively, a touch on the arm, a kiss on the lips, a dig in 
the ribs or a kick on the shin, is likely to be both a sign of emotion and 
an evocator of it. The use of a sense-organ, eye, ear or hand, may be 
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excited by an emotion, and the perceptions that result may add to the 
emotion. Many occurrences in writing of names of parts of the body 
describe such circumstances. The degree of importance of a part of the 
body in the genesis of emotion is thus likely to help to determine the 
frequency of occurrence of its name. 

Once again there is a parallel between the literary or linguistic portrayal 
of the body, and the personal body-image ; Schilder (1935) has emphasized 
the importance of the emotions in the building-up of the body-image. 
There is, however, the obvious difference that the tabooed parts of the 
body, well-nigh absent from the literary “image,” take the most prominent 
part in Schilder’s discussion. 


SENSORIMOTOR ANALYSIS 


The proprioceptive element in our perceptions has been left to the last, 
although one of the most important, as it is the only one that is easily 
open to quantitative analysis and will for that reason be treated at some 
length. 

We think and write much about those parts that are of the greatest 
importance in skilled activities, such as the hand, the mouth, the eye and 
the foot. Hand, lips, tongue, eye and foot are all interesting in one’s own 
person because of the frequency and variety of their usages and of the 
sensations that are entailed. The same parts are interesting in another 
person because they are “‘expressive’’—that is, because of the frequency 
and variety of their usages; we watch a man’s face as we listen to him 
talking, and we watch his hand as he plays the violin or his foot as he 
dribbles a football. But these parts of the body are interesting and 
expressive only because they are capable of carrying out such skilled and 
various movements ; and they are capable of carrying out such movements 
only because they have a rich sensory and motor innervation and because 
they have (pace Gooddy and Reinhold, 1954) an adequate “representa- 
tion” in the cerebral cortex. We must enquire, then, whether there is any 
correlation between the linguistic importance of the name of a part of the 
body, and the extent of the cerebral representation of that part. 

Cerebral “representation” of the parts of the body.—There are two 
difficulties at the outset. The first arises from the ambiguity of such names 
as “arm” and “leg,” from the use of near-synonyms like “stomach” and 
“*belly,”” and from the use of names like “‘cheek” and “‘face,”’ that do not 
mean exactly the same but yet overlap each other to a considerable 
extent. There is bound to be a lack of precision in the figures for these 
names. The second difficulty also is a verbal one: it seems highly probable 
that the terminology of the patient undergoing a brain-operation does not 
coincide exactly with that of the neuro-surgeon. When therefore, we come 
to use the figures given by Penfield and Rasmussen (1950) for the extent 
of the various parts of the sensorimotor cortex, we must bear in mind 
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that they have sometimes “translated” (both literally, from the French, in 
some cases and figuratively in others) the patient’s language into one more 
suitable for their own purposes. Both of these difficulties make it necessary 
to exercise great caution when attempting detailed correlations. 

In the paragraphs that follow, no more is implied by “cerebral repre- 
sentation” than that movements of various parts of the body, and 
sensations in them, can be elicited in the conscious patient by electrical 
stimulation of the so-called “sensorimotor” cortex; nothing is implied 
about the precise anatomy or neurophysiology of this relationship, and 
there is no suggestion that other parts of the cerebral cortex are not 
concerned in the mechanism. As is well known, these responses to elec- 
trical stimulation have been carefully mapped and counted, and comprise 
the only quantitative indications we have of any sensorimotor “repre- 
sentation” of the parts of the body in the cerebral cortex. 

Penfield and Rasmussen found that in respect of both sensory and 
motor “representation” there are four fairly clear-cut “‘areas” of the 
cerebral cortex, corresponding to the four main regions of the body, the 
Head and Neck, the Upper Limb, the Trunk, and the Lower Limb. They 
found (p. 47) that the relative sizes of these four areas varied considerably 
from patient to patient; but they were able, because of the large size of 
their series, to arrive at reliable estimates of the average relative sizes, and 
to record them graphically in the form of a sensory homunculus (their 
fig. 17, p. 44) and a motor homunculus (fig. 22, p. 57)—more accurate twin- 
offspring of the well-known sensory-and-motor homunculus of Penfield 
and Boldrey (1937). They point out that each homunculus is only a 
‘cartoon of representation in which scientific accuracy is impossible” 
(p. 56), but they state also (p. 44, legend to fig. 17) that the “. . . length 
of the underlying block lines indicates more accurately the comparative 
extent of each representation.” For present purposes, all block lines in 
both figures have been measured as accurately as possible; their lengths 
are recorded in detail in Appendix II. 

In respect of the extents of their cerebral representations the order of 
the four regions is: Head and Neck the largest, then Upper Limb, Lower 
Limb, Trunk. It is interesting to note that in respect of the amount of 
space devoted to their parts in the O.E.D. the order is the same, except 
that Trunk just exceeds Lower Limb; this exception is probably due to 
the very large entries for “side” and “back,” both of which names are 
used very extensively of general spatial relations, without hint of metaphor, 
and to the frequent use of ““body” for the whole human frame (as in “body 
and soul’’) as well as in more general connotations. 

A detailed quantitative comparison of the four regions is not easy 
because they differ so much in shape and size and complexity; because 
they are normally exposed to view in very different degrees; because of 
the special interest of the hair on the head; and because the “organs of 
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special sense” are all in the head region. The limbs, however, can be 
compared with each other more precisely. 

The upper limb.—There are difficulties in the way of a detailed analysis, 
even here. For instance, the name “‘arm” may have two or more mean- 
ings. Again, Penfield and Rasmussen cite thirty-five responses referred to 
the forearm; but the name “forearm” does not occur in Eaton’s list. If, 
however, we group together (a) the lengths of block lines for all parts of 
the homunculi that refer to hand and fingers and thumb, that is to the 
“*hand” of ordinary usage, and (0) the lengths for all parts of the homun- 
culi that refer to the rest of the limb, that is to the ‘‘arm” of ordinary usage, 
we find that the cortical representation of the “‘hand” is about two and a 
half times as great as that of the “arm” ; hence, of course, the grotesquely 
large hands in Penfield and Rasmussen’s homunculi. A similar grouping 
of the O.E.D. column-numbers shows that the linguistic importance of 
the “hand” is about three and a half times as great as that of the “‘arm.” 
Thus there is no doubt that the hand is the most important segment of 
the limb both linguistically and neurologically, although in bulk probably 
no more than one-fifth of the whole. It is interesting to note (Buck, p. 236) 
that 

“In several languages the words for ‘hand’ are extended to include, and in some 

are the usual terms for, ‘arm’... .” 

Perhaps this linguistic fact is not unrelated to the comparatively large 
cerebral representation of the hand. 

Of the five digits in the hand, only thumb and index have special names 
appearing in Eaton’s list. The thumb, whose name is the more frequent 
and by far the older in English, differs in obvious respects from the other 
digits and is for that reason likely to be given a special name: but it is 
interesting to note that it has also a larger cortical representation than any 
other digit. The four fingers have, according to Penfield and Rasmussen, 
approximately equal sensorimotor representation ; so that it is hard to see, 
on neurological grounds, why the index should be singled out linguistically. 

The lower limb.—As in the case of the upper limb, so in the lower limb 
there are difficulties in the way of a detailed analysis of the data. The 
word “‘leg,” for instance, may be applied to the whole limb, or to the limb 
minus the foot, or to the part of the limb between knee and ankle. A 
grouping of the figures in the same manner as for the upper limb shows 
that the “foot” is, both linguistically and neurologically, more important 
than the “leg,” although forming only a small fraction of the total bulk 
of the limb. It is of great interest that, as with “hand” and “arm,” so 
with ‘‘foot” and “leg,” there has been an extension of meaning in many 
Indo-European languages, so that (Buck, p. 243): 

* . . words for ‘foot’ have often been extended to ‘leg’... .” 


Comparison of upper and lower limbs.—It is a fortunate thing that 
Lists A and B together contain equal numbers of names of parts of the 
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two limbs, and that there is a fairly close correspondence: paired names 
are arm and leg, shoulder and hip, elbow and knee, wrist and ankle, 
hand and foot, finger and toe, palm and sole. It is fortunate also that the 
two limbs are of the same order of size and complexity of shape, are both 
seen frequently (though admittedly the bare hand is seen more often than 
the bare foot), and are not subject to any marked taboos. These factors 
make possible both a linguistic and a sensorimotor, quantitative compari- 
son of the two limbs. 

In all, 99-87 columns of the O.E.D. are devoted to the parts of the 
Upper Limb that occur in our lists, whereas only 67-20 columns are 
devoted to the parts of the Lower Limb in these lists. The “‘linguistic 
ratio,” UL/LL, is therefore 99-87/67-20, or nearly 1-49/1. With these 
figures may be compared the lengths of the block lines under Penfield and 
Rasmussen’s homunculi; they total 65-7 mm. for the Upper Limb, but 
only 44-2 mm. for the Lower Limb. The “neurological ratio,” UL/LL, is 
therefore 65-7/44-2; this also is nearly 1-49/1. (Detailed figures are given 
in Appendix III.) The identity of the linguistic and neurological ratios is, 
of course, most striking; but the appearance of mathematical precision 
that it gives to the proceedings is not entirely justified, on account of the 
various difficulties already discussed. The results are perhaps best expressed 
in words. In the Oxford English Dictionary the number of columns 
devoted to parts of the Lower Limb is only about two-thirds of the 
number devoted to parts of the Upper Limb; there may be a causal 
relationship between this fact and the fact that the extent of the “leg” 
area of the cerebral sensorimotor cortex is only about two-thirds of the 
extent of the “arm” area. Perhaps the /inguistic importance of each limb 
is related to its sensorimotor importance, because each is proportional to 
the amount of cerebral tissue available for the functioning of that limb. 

Two further comparisons of upper and lower limbs are of interest. The 
sensorimotor representation of the hand is about twice as large as that of 
the foot, and the numbers of columns devoted to them in the O.E.D. are 
in about the same ratio. Similarly, the fingers have a cortical representation 
half as great again as that of the foes, and are about three times as well 
“represented” in the O.E.D. The greater linguistic importance of the 
finger is emphasized by the fact that in the Indo-European group of 
languages (Buck, p. 244): 

***Toe’ is usually expressed by the word for ‘finger’ . . . with or without the 
addition of ‘of the foot’.” 
Thus in French, “‘toe”’ is often “‘doigt de pied.” 

A brief but illuminating comparison of the two limbs is afforded by the 
names that occur among the first thousand of Eaton’s concepts: whilst 
there are three names for parts of the Upper Limb (“‘arm,” “hand” and 
finger’) there is only one (significantly it is “foot’’) for a part of the 
Lower Limb. The predominance of the Upper Limb and notably of its 
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hand and finger, and the isolated occurrence of foot (before “‘leg”’) cannot, 
surely, be unconnected with the similar neural relationships? 

Linguistic facts about the names of the parts of the upper and lower 
limbs, and of the hand and foot, and about the finger and toe, can thus 
be related, quantitatively, to facts about the responses to stimulation of 
the sensorimotor cortex. One is reminded that Head and Holmes (1911), 
in first proposing the concept of a “‘body-schema,” urged the great im- 
portance, in its formation, of the proprioceptive afferents. Perhaps we 
may express it thus: that the linguistic importance of a part of the body 
is related to the importance of that part in the body-schema, this in turn 
being related to the richness of the proprioceptive innervation of the part. 


A NOTE ON PHANTOM LIMBS 

We thus see that perceptual raw-materials of various species, particularly 
visual, manual and proprioceptive but also auditory and algesic as well, 
have helped to determine, by the interest and emotion they excite, the 
frequencies of the names of parts of the body in literature. Collectively, 
this material contributes to the formation of a linguistic or literary repre- 
sentation of the body, a literary “image”: this “image” corresponds in 
several respects to the ““‘body-image”’ that is personal to each one of us. 
It is therefore of interest to see how closely, in some details, the parts of 
the literary “image” resemble the phantoms experienced by patients 
whose limbs have been amputated. 

It was noted in Part I that neither “forearm,” nor “‘shank”’ or “calf,” 
appears in the lists of the sixty-five most commonly named parts of the 
body ; forearm and leg (in its strict sense) are the only major segments of 
the limbs whose names are not in the lists. It is, therefore, of the very 
greatest interest that these parts of the limbs are commonly absent from 
the phantoms. Lhermitte quotes a patient’s remark: “Entre le pied et 
mon genou il y a un trou, un vide.”’ Another patient reported that there 
was “*. . . une coupure, un vide, entre la main et le coude.” Again, 
Lhermitte notes that: 

“. , . image de certains segments du membre fant6me peuvent faire défaut et 
spécialement les articulations proximales: épaule et coude, hanche et genou.. .”; 
these parts of the limbs are named less commonly, and have much smaller 
entries in the O.E.D., than the hand and the foot—which latter parts are 
the most constant and vivid in phantom limbs. 
**Ajoutons enfin, que dans la main, ce sont les doigts, et spécialement le pouce 
et l’index dont le patient éprouve le sentiment le plus vif, et au pied les orteils . . .” 
(quotations from Lhermitte, 1939, pp. 71-3). A closely similar account is 
given of the phantom upper limb by Livingston (1943), and of phantom 
upper and lower limbs by Henderson and Smyth (1948). What is true of 
the arm and the leg is true also of the nose: in Eaton’s list, the only part 
of the nose that is named individually is the nostril, and in a phantom nose 
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it is usual for only the “nostrils’’ and “tip” to be present (Riddoch, 1941). 
In respect of the limbs and nose, then, the parts of the body that are of 
the greatest importance linguistically are those that are the most vividly 
experienced after amputations; there is a striking parallel between the 
‘“body-image”’ of clinical neurology, and the literary or linguistic portrayal 
of the body. 

CONCLUSIONS 

In Part I it was shown that the names of the various parts of the body 
vary greatly in their frequency of occurrence in literature, and in their 
degree of linguistic interest. There is, in the corpus of our literature, a 
composite representation of the human body, in which there is unequal 
emphasis upon the different parts of the body. In Part II an attempt was 
made to determine the factors that caused some parts to be written about 
more than others, and it was suggested that the degree of interest excited 
by a part could be considered as a function of its ability to interest the 
eye and hand, and the ear; of its importance as a site of pain and as a 
source or seat of emotions; and, to a great degree, of its sensorimotor 
importance. In investigating these perceptual factors, we saw that they 
are of importance not only in the formation of this literary or linguistic 
representation or “image” of the body, but also, and in closely similar 
manner, in the formation of the “‘body-image”’ that has been investigated 
by the clinical neurologists. No doubt this is because the men and women 
who have mentioned parts of the body in their writings have inevitably 
done so in the light of their own, personal body-images ; Lhermitte (1939) 
has discussed the similar importance of the body-image in relation to the 
visual arts. 

To give precision to these ideas is not easy, except in respect of the 
sensorimotor factor. A quantitative comparison of upper and lower limbs, 
both linguistically and neurologically, underlines the possibility that the 
linguistic importance of the name of a part of the body is a function (in 
the mathematical sense of that word) of the sensorimotor importance of 
that part of the body. Thus there opens a prospect of a neurological 
analysis of vocabulary. 

SUMMARY 

(1) A list has been derived, from linguistic sources, of the sixty-five 
names of parts of the body that occur most frequently in general literature 
and are deemed of the greatest importance, linguistically. 

(2) When account is taken of the composition of the list, and of the fre- 
quencies and degrees of importance of the names, one finds that there is 
a composite linguistic body-“‘image’’ which closely resembles, in its form 
and emphases, the personal body-image. 

(3) The form of this “‘image”’ is accounted for by a neurological analysis ; 
and in particular some quantitative linguistic facts are correlated with some 
quantitative neurological observations. 
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APPENDIX I 


In Eaton’s ‘Semantic Frequency List” (1940) there are sixty-five names of parts 
of the body. In this Appendix they appear in order of frequency of occurrence, 
except that when several names have the same frequency-rating they are given 
alphabetically. 

List A: Names in the first four thousands in Eaton’s list. 


Name of part Eaton: O.E.D. Present in: 
of body Rating Thousand Date Columns Buck Ogden 
arm | I c. 950 3-34 + + 
body 1 | c. 800 7:17 + a 
eye 1 l a. 700 20-35 + t 
face | | c. 1290 15-46 + + 
foot | 1 c. 950 24-47 + + 
hair 1 1 c. 1000 8-41 a - 
hand | l ec. 825 48-72 - 
head 1 I e 8 35-62 a 
heart | I c. 1000 24-01 a 
mouth I l c. 1000 10-56 + 
side 1 l ©. Tae 27°59 + + 
back 1-4 1 c. 1000 25-26 o + 
finger 1-4 I c. 950 7-93 + + 
lip 1-4 l c. 1000 6:17 + + 
ear 1-5 2 a. 1000 7°87 + + 
neck 1-5 2 c. 897 9-24 + + 
shoulder 1-5 2 a. 700 11-00 + — 
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Name of part Eaton; O.E.D. Present in; 

of body Rating Thousand Date Columns Buck Ogden 
nose 1-7 2 c. 897 12°81 + + 
forehead 1-8 2 c. 1000 1-20 + -- 
tongue 1-8 2 c. 897 11-59 + + 
breast, chest 1-9 2 c. 1000 0-55 + + 
leg 1-9 2 c. 1275 6°47 + + 
knee 2 2 c. 825 8-12 + + 
throat 2 2 a. 700 5-93 + + 
tooth 2:3 2 a. 900 9-10 + + 
cheek 2°5 iz c. 950 3-45 + _ 
nail 3-1 3 ce. 10-10 + + 
beard 3-2 3 c. , 825 3-48 + os 
brain 3°3 3 c. 1000 3-04 + + 
stomach 3°7 4 3. 9-84 + + 
sole 4-3 4 e. 1323 4-91 — _ 
thumb 43 4 a. 700 7:10 + + 
waist 4-4 4 1S... 5-43 — — 

396-29 31 27 

Av. 12-01 
APPENDIX I 
List B: Names in the fifth, sixth and seventh thousands in Eaton’s list. 
Name of part Eaton: O.E.D. Present in: 

of body Rating Thousand Date Columns Buck Ogden 
Ankle 4-6 5 c. 1000 0-86 — “= 
Toe 4-6 5 & wt 4-02 + + 
Temple 4°8 5 c. 1310 0-91 = -- 
Heel 49 5 c. 850 8-25 -- -- 
Womb 4-9 5 c. 825 1-65 + _ 
Rib 5 5 ec; WZ 7:80 + -- 
Elbow 5:1 5 c. 1000 3-21 + — 
Palm 5:1 5 ES... 6:25 — - 
Lung 5:2 5 c. 1000 2-70 -- - 
Thigh 5-2 5 c 725 1-47 -- - 
Pupil 5-3 5 1398 0-83 - 
Chin 5-4 5 c. 1000 1°57 + a 
(Eye-)socket 5°5 3 1615 0-15 _ — 
Jaw 5-6 5 a. 1382 3-16 -- 
Loin 57 5 1398 1-03 _ -- 
Nostril 5:7 5 c. 1000 0-64 — — 
Liver 6 6 c. 888 3-66 + -- 
Wrist 6:1 6 2a. 940 2°83 — 
Belly 6:2 6 1340 4-72 a = 
Eyebrow 6:3 6 1585 0-53 + - 
Index 6:3 6 1398 4-28 — -- 
Bowel 6-4 6 e. 1325 1-65 — — 
Hip 6°4 6 971 2°53 -- 
Eyelid 6:7 6 1240 0-37 - -- 
Gum 6°8 6 1398 1-15 -- os 
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Name of part 
of body 
Scalp 
Iris 
Kidney 
Moustache 
Palate 
Armpit 
Buttock 
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Eaton; 


O.E. D. 


Rating Thousand Date 


6°8 


APPENDIX II 


1616 
1525 
1325 
1585 
1382 
1400 
1300 


Columns 


SENSORIMOTOR REPRESENTATION OF THE BODY 

(1) Lengths, in mm., of the block lines indicating relative extent of cerebral cortex 
devoted to the representation of each part of the body in the illustration of the sensory 
homunculus of Penfield and Rasmussen (1950). 


Head and Neck 
Head 
Neck 
Eye 
Nose 
Face 
Upper lip 
Lips 
Lower lip 
Teeth, gums and jaw 
Tongue 
Pharynx 


Upper Limb 
Shoulder 
Arm 
Elbow 
Forearm 
Wrist 
Hand 
Little finger 
Ring finger 
Middle finger 
Index finger 
Thumb 


Lower Limb 
Toes 
Foot 
Leg 
Hip 


Trunk 
Trunk 
Intra-abdominal 


_ 


oe ee ee ee 
NeEMDHASOOHRIADAWNA 


~ 
ma 


WNWWwWN WU wenn 
ChkOSCHKOWOOCUWEC 


Present in: 
Buck Ogden 
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(2) Lengths, in mm., of the block lines indicating relative extent of cerebral cortex 
devoted to the representation of each part of the body in the illustration of the motor 
homunculus of Penfield and Rasmussen (1950). 


Head and Neck 
Neck 
Brow 
Eyelid and eyeball 
Face 
Lips 
Jaw 
Tongue 
Swallowing 


UhUPN LK RK 
oowo~t Oo CO ~) 


Upper Limb 
Shoulder 
Elbow 
Wrist 
Hand 
Little finger 
Ring finger 
Middle finger 
Index finger 
Thumb 


NNNNN SW WP 
NNOANAONAN 


| 


Lower Limb 
Toes 
Ankle 
Knee 
Hip 


Trunk 
Trunk 


APPENDIX III 


(a) Numbers of columns of the O.E.D. devoted to the parts of the limbs whose 
names appear in Eaton’s list. 


Upper Limb . Columns of O.E.D. 
Arm 3-34 
Hand 48-72 
Finger 7:93 
Shoulder 11-00 

*Nail 5-05 
Thumb 7-10 
Elbow 3-21 
Palm 6:25 
Wrist 2°83 
Index 4-28 
Armpit 0-16 

99-87 
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Lower Limb 
Foot 
Leg 
Knee 

*Nail 
Sole 
Ankle 
Toe 
Heel 
Thigh 
Hip 
Buttock 


* In the O.E.D. there are 10-10 columns devoted to “‘nail.”’ These have been allotted 
equally to the two limbs. 


APPENDIX III 
(b) Lengths, in mm., of the block lines for parts of the limbs, under Penfield and 
Rasmussen’s homunculi. 
Upper Limb Sensory Motor 

Shoulder ‘ 

Arm 

Elbow 

Forearm 

Wrist 

Hand 

Little finger 

Ring finger 

Middle finger 

Index finger 

Thumb 


w 
a 


NNNNN AW 
DANoOunow 


Total 


Lower Limb Sensory 
Toes 
Foot 
Leg 
Hip 
Ankle 
Knee 





NOTICES OF RECENT PUBLICATIONS 


SENSORY PERCEPTION 


Receptors and Sensory Perception. By RAGNAR GRANIT. 1955. Pp. 369. 
Illus. 145. Yale University Press, New Haven, Conn.; Oxford University 
Press, London. Price £2 net. 


It is to Professor Granit’s work on the eye that we owe much of the present 
revival of interest in the physiology of vision. We think of him as the leader in 
the study of the vertebrate retina by electrical methods, as the discoverer of the 
unexpected variety of response in the different nervous elements, and as the 
originator of new ideas on colour vision and of new techniques involving the 
use of very small electrodes. We might therefore have expected his Silliman 
Lectures to have dealt mainly with visual perception and to have demanded 
a close attention to the highways and byways of retinal organization. 


There are in fact two chapters which deal specifically with the visual appar- 
atus and several others in which it is used to illustrate general principles. But 
it is a sign of the rapid progress of this branch of physiology that Professor 
Granit has been able to produce a volume dealing more with general principles 
than with the behaviour of particular sense organs. He is content to say little 
about the ear and the nose and to avoid a lengthy discussion of colour vision 
because his theme is the general nature of receptor activity and the way in which 
this activity is used by the organism to guide its behaviour. 


Physiologists will not need reminding of the standard to be expected in a 
volume of Silliman Lectures and it is high praise to say that this volume is fully 
worthy of the series. It begins with the early studies of electrical activity in 
single fibres made possible by the introduction of the valve amplifier, but the 
opening chapter introduces us not only to the historical background but to a 
wealth of interesting comment based on the latest work. Comment of this kind, 
with a stimulating range of outlook and an engaging way of revealing it, are to 
be found throughout the lectures. They discuss the peripheral sense organs and 
sensory nerve fibres, the organization of receptive fields, the specific sensitivity 
of receptors and similar problems bearing on the central recognition of the 
stimulus. The principal theme, however, is the control which the central 
nervous system exercises over its sensory apparatus to make it perform its 
functions most effectively. 


The coarse adjustment which directs and focuses entire sense organs is very 
well known: it is the fine adjustment which has come to the fore recently. The 
receptors give most information when the stimulus is confined within fairly 
narrow limits and the organism has a variety of methods for bringing receptors 
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and stimulus into the most effective relation, methods which range from the 
turning of the head and eyes to the adjustment of tension on a muscle spindle by 
a special category of nerve and muscle fibre. Some of the recent work on this 
central regulation of the muscle receptors, from the laboratories of Granit and 
Kuffler, is described in some detail with excellent records. 


No one would expect or wish to put down a book on sensory physiology 
feeling that there was no more to be said. Granit’s book is a record of work in 
progress and leaves us with a pleasant sense of new prospects to come. It is for 
that reason that his lectures can be commended without reservation to all who 
are concerned with the sense organs as outposts of the brain. It deals with 
events which bring physiology, psychology and metaphysics into their uneasy 
relation and it shows how the advance has gone forward from the physiological 
side. ADRIAN. 


THE VISUAL FIELDS IN NEUROSURGERY 


The Visual Fields. By BRopie HuGues. 1954. Pp. 174. Figs. 158. Blackwell 
Scientific Publications, Oxford. Price £1 15s. Od. net. 


One of the purposes of this book is to emphasize the application of quantita- 
tive perimetry to anatomical localization and pathological diagnosis in neuro- 
surgical conditions. The author describes in detail his own methods of quantit- 
ative perimetry, based, as he remarks, on the classical work of Traquair. About 
one-third of the book is devoted to the anatomy and blood supply of the visual 
pathway, which provides an excellent summary of our present knowledge for 
students and clinicians. The visual field defects occurring in traumatic and 
compressive lesions of the visual pathways are described in detail, and are well 
illustrated from the author’s own clinical material. A short chapter on 
inflammatory, “toxic,”’ and degenerative processes indicates how these conditions 
may reach the neurosurgical department. 


The visual defects occurring in lesions of the optic nerve and chiasm are well 
described and fully documented with illustrations, but the description of 
affections of the geniculo-calcarine pathway could be amplified. Scant respect 
is paid to the confrontation method of examining visual fields. The author 
considers that such methods are of little value in the detection of early field 
disturbance. Yet many clinicians regard the confrontation method as in- 
valuable, even when the field defect is minimal. It has the great advantage of 
simplicity, with little need of apparatus, and of being less time-consuming, and 
less fatiguing to the patient, than prolonged examination on the Bjerrum Screen, 
and wandering of the patient’s eye from central fixation cannot occur without 
immediate recognition by the examiner, since his eye acts as fixation point. 


The book is largely based on the author’s own neurosurgical experience, and 
a long-standing interest in perimetry. It is a record of a personal viewpoint 
and an individual approach rather than a mere textbook. As such, it is 
refreshing. The illustrations are abundant and well chosen, and all the visual 
fields illustrated have been recorded by the author. Such a review of the 
neurosurgical aspects of visual failure and perimetry, written by a neurosurgeon 
rather than an ophthalmologist, has been long overdue. S. P. MEADOWS. 
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NEURORADIOLOGY 


Angiographic Localization of Intracranial Masses. By A. ECKER and P. A. 
RIEMENSCHNEIDER. Pp. 433. Figs. 413. Charles A. Thomas, Blackwell 
Scientific Publications, Oxford. Price £4 17s. Od. net. 


The purpose of this book is to demonstrate how angiography enables one to 
pinpoint intracranial space-occupying masses. There are 27 different displace- 
ments of the main arteries, so the authors maintain, and a proper evaluation of 
these displacements provides an accurate anatomical localization of the lesion. 
Were this thesis true, nearly all operative planning would be solved for neuro- 
surgeons. One of the great fascinations of neuroradiology—and frustrations— 
is that tumours, unlike the planets in their courses, do not conform to a pattern. 
Innumerable examples could be quoted, but two will perhaps suffice. The 
authors state (Chapter 2 on Suprasellar Masses): “‘Space-occupying lesions 
extending upwards out of the sella turcica or originating in the suprasellar area 
have a profound effect on the vessels of the Circle of Willis. ...’’ This is true 
if the tumour is large enough, but one has seen small suprasellar mengiomas 
producing the sufficiently severe symptom of unilateral blindness without 
causing any displacement of main arteries or of the ventricular system or filling 
defect in the basal cisterns. The same argument applies to acoustic tumours 
(group 26). If they are large enough they will cause hydrocephalus and certain 
displacements of the arterial and ventricular systems as the authors describe. 
But not a few produce serious symptoms without displacing either the arterial 
or ventricular systems, since they happen to be very small tumours. Whatever 
may be the size, shape or extent of an acoustic tumour, carotid angiography 
would never seem to be justified except as an autopsy study. Yet Case 285 
(figs. 383 and 384) with characteristic history, physical signs and plain X-ray 
changes was submitted to this investigation. 


Another weakness of the book is the apparent lack of conception by the 
authors that a basic requirement of contrast radiography, not only in the head 
but in the gastro-intestinal tract and elsewhere, is that the contrast substance 
must be placed up against, or better still induced to enter into and outline, the 
lesion. Thus a child aged 2, suffering from aqueduct stenosis (Case 389, figs. 
9 and 10) was submitted to carotid angiography, and marked hydrocephalus 
was demonstrated. They then say: “There were characteristic ventriculograms 
and a negative suboccipital exploration in this case.’’ This statement would 
appear to be a non sequitur. 


It is easy to denigrate the value of air studies when their interpretation is not 
understood, but to employ carotid angiography as a means of diagnosing 
aqueduct stenosis passes comprehension. 


In spite of its shortcomings, there is much that is good in the book, and the 
authors have made a very careful study of the displacements of the cerebral 
arteries and veins, even if their judgment as to the mode of investigation of many 
of their patients seems at fault. One cannot support their view expressed in 
the foreword: “‘Nowadays we use open exposure rather than percutaneous 


puncture of the common carotid artery because superior angiograms result more 
consistently.”’ J. W. D. BULL. 
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Atlas of Roentgen Anatomy of the Skull. By Lewis E. Etter, B.S., M.D.. 1955. 
Pp. 215. Illus. 239. Charles C. Thomas, Springfield, Illinois. Blackwell 
Scientific Publications, Oxford. Price £5 6s. Od. net. 


This Atlas of Roentgen Anatomy of the Skull is based upon a novel system 
of examination. The various component bones of dry skulls have been 
disarticulated and radiographs made of each. These have been first positioned 
separately in the various standard radiographic projections, and then replaced 
in the respective skulls and similarly orientated for routine radiography. Thus, 
the author seeks to show exactly which features of each of the bones studied 
contributed to the images in the intact skull. 

The reproduction of pictures of individual bones of the skull and of the skull 
itself come out well, but the reproduction of X-rays is not always of the highest 
standard. 

There is a special chapter on the radiographic anatomy of the temporal bone 
by J. Brown Farrior, and another chapter by S. G. Henderson and L. S. Sherman 
on the Roentgen anatomy of the skull of the newborn infant. 

Much of the material presented seems rather simple, and presumably the 
main part of the book is addressed to the novice rather than the expert in this 
field. It is doubtful whether the neuro-radiologist will find much that is new 
in this work. Asa reference book and for the assistance of those unaccustomed 
to interpreting skull X-rays this rather expensive volume will probably prove 
useful. DAVID SUTTON. 


THE CHEMISTRY OF THE NERVOUS SYSTEM 


Neurochemistry: The Chemical Dynamics of Brain and Nerve. By K. A. C. 
ELuioTT, M.Sc., Ph.D., IRvinE H. PAGE, M.D., Professor J. H. QUASTEL, 
D.Sc., Ph.D., F.R.C.S., F.R.S. 1955. Pp. 900. Some figures. Blackwell 
Scientific Publications. Oxford. Price £7 net. 


Biochemistry and the Central Nervous System. By Professor H. McILWAIN, 
Ph.D., D.Sc. 1955. Pp. 272. 43 figures. J. & A. Churchill, Ltd., 
London. Price £2 net. 


It is with much pleasure that one notes the publication of these two books 
on neurochemistry, for since 1937 when “‘Chemistry of the Brain’’ by Dr. I. H. 
Page was published a large bulk of valuable papers has appeared and it was very 
necessary that some general survey of this subject should be attempted. It can 
be said at once that the authors have very ably performed their difficult tasks 
even though the treatment of the various subjects discussed varies in each book. 

The larger of the two volumes edited by Elliott, Page and Quastel, although 
produced in North America, is not entirely written by contributors from that 
country for some of the 32 authors come from Sweden and Great Britain, and 
many are world authorities in their field. Dr. Page himself contributes an 
introductory chapter on a historical review with special reference to the work 
of Thudichum. 

There follow chapters on the chemical composition of the brain, on various 
enzymatic mechanisms and the part played in metabolism by glucose and 
amino-acids. Nucleic acids in the brain, acetylcholine and noradrenaline 
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metabolism form the subjects of other chapters. The effect of pathological 
changes such as demyelination, the results of nutritional disorders and the toxic 
effects of oxygen, bacterial toxins and snake venom are discussed in further 
chapters. There is also a most interesting and to many an invaluable chapter 
on the chemistry of the nervous systems of arthropods. 

It is difficult to single out any one author for special praise, as a very high 
standard is maintained, but chapters by Peters on pyruvate metabolism and 
Quastel on acetylcholine are especially noteworthy. It is, however, interesting 
to note that there are chapters that are essentially and solely chemical, while 
others, admittedly fewer in number, relate chemistry to disease processes. There 
is a tendency for some of the authors to consider in their reviews the North 
American literature to the relative exclusion of work done elsewhere, as for 
instance in the chapter on intracranial fluids where five out of every six references 
are from North America, and the views held by the authors of this chapter are 
not compared with quite opposite views expressed elsewhere in the world. It is 
of interest to note that nearly 3,000 references are given and yet most of the 
work done in the past two or three years is unavoidably not mentioned, and this 
is perhaps the only real criticism that can be made. 

The other book written by Professor McIlwain from England covers much 
the same ground but is considerably shorter. As might be expected, there is less 
reference to disease processes, for the book has been written largely from the 
chemical aspect. It is more up-to-date than the other, and includes references 
to much more recently published work. The chapter on cerebral lipids, for 
example, includes discussion of much of the recent work, and is a very good 
chemical review of the present position. However, in view of its size there is 
some condensation in writing, so that at times the text becomes somewhat 
difficult to follow, especially as it is not written in as pleasant a style as the other 
work. 

Both books are well produced, and contain few mistakes, apart from a 
noticeable one in the heading of Chapter 10 in MclIlwain’s book. They can 
be thoroughly recommended to neurochemists who wish to know something 
about all facets of the field in which they work, and clinicians will clearly benefit 
by reading a judicious selection of the material. 

Both books contain a subject and author index and have references at the 
end of each chapter. Some uniformity in the order of references would be 
advisable in the larger book. 

J. N. CUMINGS. 


CORTICAL ANATOMY 


Studies on the Cerebral Cortex (Limbic Structures). By S. RAMON y CAJAL. 
Translated from the Spanish by Lisbeth M. Kraft. 1955. Pp. 179. 
figs. 108. Lloyd-Luke (Medical Books) Ltd., London. Price £1 7s. 6d. net. 


The Post-Natal Development of the Human Cerebral Cortex. By J. LE Roy 
ConeEL. 1955. Pp. 220. Plates 108. Vol. 5. The Cortex of the Fifteen- 
Month Infant. Howard University Press. Price £5. 


Stimulated by the centenary of the birth of Santiago Ramon y Cajal in 1951, 
the reprinting and translation of a number of his classical works are opportune 
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for many reasons. One of these is that they are not only classics in the sense 
that in their time they represented a great pioneering incursion into the detailed 
study of the nervous system by refined and most skilful histological techniques, 
but they remain even today the source of a vast amount of information which is 
not obtainable elsewhere. Physiologists are finding this information of direct 
relevance to their studies with modern electronic devices, and incidentally are 
also discovering how much of it has been overlooked in the past simply because 
of unfamiliarity with the Spanish language. In the present volume are collected 
translations of Cajal’s papers dealing with the so-called ‘‘rhinencephalon,” 
a system of the brain which is beginning to assume considerable importance in 
connexion with recent studies which have shown how inept the term “rhin- 
encephalon’’ is. It now appears that much of the system is evidently not 
directly concerned with olfaction at all, and its functional significance in relation 
to cerebral activity as a whole, and particularly in relation to those elements of 
this activity which are apparently concerned with emotional behaviour, is at 
present the object of intensive investigation. 

It is interesting to note, that, all through his work, Cajal is sceptical of the 
evidence for the olfactory connexions of hippocampal formation (a formation 
which for many years has been accepted as an integral part of the rhin-n- 
encephalon), for while he demonstrated clearly that the hippocampus receives 
one of its most obvious afferent pathways from the entorhinal area of the 
piriform lobe, he was unable to satisfy himself that this cortical area on its side 
receives any significant contributions from the olfactory centres. Reading these 
collected papers of Cajal’s, one is struck by a most remarkable combination of 
superb technical skill, infinite patience, logical reasoning and clarity of des- 
cription. In a foreword, Dr. J. F. Fulton ranks Cajal with Sherrington for 
their contributions to our understanding of the functions of the nervous system. 
This assessment is not likely to be controverted. 

Dr. Conel’s first volume of this series, dealing with the histology of the 
cerebral cortex of the newborn infant, appeared in 1939. Over the years since 
then he has been progressively following the histological changes at various 
stages of growth and recording them by detailed and systemic descriptions and 
by microphotography. With our present limited knowledge of the correlations 
between cortical functions and the details of cortical cytoarchitecture it is perhaps 
too much to expect that this painstaking work can lead to any immediate results 
of practical interest. But the record will remain for future reference. The 
photomicrographs are well reproduced, but those of the Gelgi-Cox preparations 
might well have been omitted because of their obscurity. 


W. E. LE GROS CLARK. 





